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GENERAL IIJTRCDUCTIOI^  
The history of metal ferrocyanogen complsxes can bs 
traced back to the discovery of ferro and ferricyanides of 
potassium. Today a large number of heavy metal ferrocyanogen 
complexes exist. Their composition has been ascertained and 
colloidal properties invest.igated. The early -work deals -with 
the manufacture* composition and possible uses of Prussian 
and Turhbull's blues. It was Kolthoff, who for the first 
time successfully carried out potentiometrie and conducto-
metric titrations to study the interaction of ferrocyanide 
with metal salts. On the basis of his experiments he 
suggested that potassium ferrocyanide can be used in the 
estimation of metal ions especially zinc, by conductometric 
and potentiometrie titrations. Following his work, many 
investigators set to work on this problem and -electrometric 
3 titrations of ferrocyanide with titanous sulphate , vanadate 
4 ^ 
and hydrosulphite , and eerie ions were performed. The 
6 
effect of alkali on the titration of certain metal ions -
Cd"*"**", Fe"*"*", Pb"*""^ , Ag^f Mn^'^ etc. - with ferrocyanide was 
found out. 
The investigations on the composition, structure and 
colloidal behaviour of the metal ferrocyanogen complexes, 
were taken up sometimes in the third decade of twentieth 
century. Clues were found for the long standing problem of 
- y -
the const i tut ion of f e r r i c ferrocyanide (Pimssian blue) and 
ferrous ferricjmnide (Turnbulls b lue) . The idea of super 
complex formation was suggested in order to f ix the posit ion 
of the cyanide groups in the structure of these complexes. 
The idea was substantiated by X-ray analysis of J*F. Keggin 
7 
and F.O. Miles who perceived infinite three dimensional 
network with each Fe(CN)g anion surrounded by six attached 
cations and each cation in turn by six (Fe(CN)g) groups in 
o 
their structure. D.Davidson employed the concept of super 
complex formation in explaining the existence of ferric 
berlinate (Fe(Fe(FeCy^))2) and ferrous berlinate ((Fe(Fe 
(FeCy^))..) which are produced by the addition of excess 
ferric and ferrous salts to the reaction mixtures. He also 
demonstrated the effect of redox potential in the system 
Fe"^ "^^  + Fe(CN)g"""II -^ Fe"*""^  + Fe(GN)g 
and the formation of Prussian blue. H.B. Weiser, ¥.0. Milli-
9 gan and J.B. Bates carried out a search on the structure of 
the gels of copper cobalt, lead, manganese and nickel with 
the help of x-ray analysis. Besides pointing out that 
copper, cobalt, nickel and manganese ferrocyanides were 
isomorphous, they controverted the idea of Britton and Dodd , 
that silver, lead, copper, zinc, cadmium, nickel and manga-
nese ferrocyanides form double salts with alkali ferrocyanide. 
They stated that alkali ferrocyanide is simply adsorbed on 
these ferrocyanide particles. Their resiilts were supported 
- C5 -
by the earlier observations of Dhar et al."^ "^  who, by chemical 
analysis shoved the adsorption of ferrocyanide ions on the 
12 
freshly precipitated Berlin blue. R. Rigamonti used 
x-ray and electron diffraction methods for their extensive 
study on the structure of metal f errocyanides. Analytical 
results of Messner , Muller anl Stani , Hofmann , 
Gerstacker and Eibner"^ , and Woringer"*" on Iron blues added 
new facets to the problem, which necessitated a deeper criti-
cal study which was undertaken by Dhar, Ghosh and Bhatta-
charya. They pointed out that the composition of metal 
ferrocyanides depends upon the conditions .of precipitation, 
concentration and molar ratio of the reactants, the extent 
of their mutual oxidation and reduction and colloidal beha-
viour, adsorption, hydrolysis and solubility of the complex. 
As these factors have a great impact on the composition of 
the heavy metal ferrocyanide or ferricyanide, the physical 
methods should be employed to confirm the conclusions drawn 
on the basis of chemical analysis. They also offered a 
strong evidence for the adsorption of the reacting ions, 
Fe"*"*", Pe"*""*"^ , FeCyg and FeCyg on Prussian and Turnbulls 
blues. They took varying excess of either of the reactants 
in different flasks along with Prussian blue prepared by 
mixing ferric chloride and potassium ferrocyanide in equiva-
lent proportions and quantitatively determined the amounts 
of the reactants adsorbed. They found that adsorption 
follows Freurdlich's adsorption isotherm curve. They also 
determined the effect of ageing and found that Prussian blue 
_ 4 -
and Turnb\ills blue tend to become almost identical during 
±8 
ageing. Dhar> Ghosh and Bhattacharya ; to elicit further 
information on the validity of the results of chemical ana-
lysis, employed the techniques of adsorption spectra and 
magnetic susceptibility. 
In the late thirties, interest in the studies on metal 
ferrocyanides appeared to be waning because one had to 
encounter difficulties in the interpretation of the results 
of chemical analysis of the samples prepared by mixing the 
reactants in a certain ratio, washing with water and drying. 
Bhattacharya and coworkers infused new interest into this 
problem by using the methods of conductometrie, potentiometric 
19 
and thermometric titrations for determining the composition 
of the precipitated complex in situ. Later on studies on the 
ferrocyanides of copper, ferric and uranyl and the ferri-
cyanides of cadmium, copper, ferrous and nickel were under-
taken. ^ Bhattacharya and Malik'^ "'' studied the composition, 
adsorptive and hydrolytic properties and colloidal behaviour 
of the ferrocyanides of zinc, manganese, nickel and cobalt, 
the changes in conductivity, pH and zeta potential of copper 
ferrocyanide sol , the permeability of cobalt, nickel and 
silver ferricyanide membranes and the sol-gel transforma-
tion of zinc ferrocyanide, Prussian and Turnbull's blues. 
I.M.Kolthoff for the first time used the technique 
of amperometric titrations to show that the end point in the 
ferrocyanide titration of lead corresponded to the precipita-
- b -
t i o n of Pb Fe(Cl4'^^» La te r on N.G. Chounyk and. 6.A. 
K l e i b s ^ , P.Zuman^'^, B.D.Khosla and H.G. Gaur"^, and 
G. D'Amore used amperometric t i t r a t i o n s in studying copper, 
i r o n , and tungs ten fer rocyanides and manganese, cadmium, 
s i l v e r and i ron f e r r i c y a n i d e s . V.L. Zolotavin and U.K. 
3U 
Kuznetova ca r r i ed out polarographic t i t r a t i o n s with vana-
dyl su lpha t e . Even coloumetrie t i t r a t i o n s and ion exchange 
methods were used t o s tudy metal ferrocyanogen complexes. 
31 i^ ?*^  A.H. Har t ley and J . J . Lingane CTS described a method for 
the coloumetrie t i t r a t i o n of tha l l ium ion in s t rong ly 
a lka l ine so lu t ion by means of f e r r i cyan ide generated by 
anodic oxidat ion of ferrocyanide a t a platinum anode. I . A . 
Korshunov and Z.M. Lebedeva" inves t iga ted ion exchange of 
i ron in Prussian b lue . They found t h a t the decomposition 
products of Prussian blue e x h i b i t l e s s e r isotope exchange 
a t higher temperature and t h a t l u r n b u l l ' s blue a t low 
temperature exh ib i t s g rea te r isotope exchange than Prussian 
b l u e . 
With the incessant accumulation of our knowledge of 
the composition of meta l l i c f e r ro and f e r r i c y a n i d e s , at tempts 
were made t o use potassium ferrocyanide i n the volumetric 
es t imat ion of c e r t a i n nBtal i o n s . G.S. Deshmukh ^nd 
Y. F u j i t a ca r r i ed out determinat ion of ferrocyanide with 
lead n i t r a t e and t h a t of cadmium and cerium by potassium :'-. 
34 fer rocyanide . Y. Fu j i t a estimated s i l v e r , manganese, 
n ickel^cobal t ( i nd i ca to r s t a rch i o d i n e ) , l ead (phenol red 
i n d i c a t o r ) , mercury and cadmium (potassium chromate i n d i c a t o r ) . 
- 6 -
The accuracy of these analytical methods is doubtful because 
these are dependent upon the formation of metal ferrocyanides 
which are prone to hydrolysis and exhibit adsorptive proper-
ties. 
The possibility of the decomposition of metal ferro-
cyanide by heavy metal ions was first of all explored by 
T. Pinter .who observed that Eg ions in slightly acid 
solution catalyse the formation of colloidal Prussian blue 
from alkali ferrocyanide# In the early fifties G.Emschwiller, 
took up this problem. He made notable contribution on the 
redox properties, infra red spectra and constitution of 
Prussian blue • He started the studies on the dissocia-
37 tion of the ferrocyanide ion in aqueous solution by 
hydrogen ions. He observed that the rate of decomposition of 
FeCyg was first order in its varying concentration but was 
zero order in the concentration of H"*" at high acidities. He 
further pointed out that the HON formed during the dissocia-
tion retarded the decomposition especially at lower acidi-
ties. The reaction appeared homogeneous for O.OIM K^Fe(GN)g 
and 1 to 5 N H"*" and could be followed by determining Fe"^"*" or 
by using the violet colouration given by nitrosobenzene with 
(PeCy^'H 0) for colorimetric estimation. Potassium ferro-
cyanide decomposed to give iFeCj^*E.O) which in succession 
decomposed to yield Fe"*"*" ions. The decomposition of ferro-
38 
cyanide was also studied by S. Asperger and cowor5<:ers who 
studied the kinetics of the reaction of potassium ferrocyanide 
- 7 -
and nitrosotoenzene with special reference to the catalytic 
action of mercuric ions and ultra violet light. 
The review of the literature on metallic ferro and 
ferricyanides, cited in the prece0ding pages undoubtedly 
reveal the fact that the investi,c?:ations on metal ferro-
cyanogen complexes have covered a variegated field of study. 
Ranging from the old method of chemical analysis to the 
modern electrometric techniques (polarography> amperometry* 
coulometry* exchange reactions etc.)» no tool of research 
has been spared in the investigations of metal ferrocyanides 
Although the literature abounds with research work done on 
metal ferrocyanides, yet there are a number of metal ferro-
cyanides which have remained unexplored especially ttiose 




disulphonic acid) is prepared from i-Naphthol-3,6,8-tr i ' 
sxilphonic acid which i s obtained from the corresponding 
naphthylamine (Koch acid) by hydrolysis of the diazonium 
s a l t . 
N! Nt? 
NiaOH 
M O L P . 5 - ( ^ A . 1 - S O J . N Ok 
Chromotropic acid is valuable for the preparation of mordant 
azo dyes of the afterchrome class and of the blue direct 
cotton dyes capable of forming copper complexes. Chromotro-
pic acid gives a purple colour with formaldehyde in presence 
of sialphuric acid, and the reaction has been used for the 
spectrophotometric analysis of formaldehyde and diacetyl 
in small concentrations. 
Recently chromotropic acid has been extensively used 
41 42 43 
in coiourimetric determination of UO.. > Be » Ti (iv), 
44 •• 45 
and Uranium • Jurg Heller and G.Schwarzenbach studied the 
Fe(iii) chromotropic acid complex. They envisage the ioni-
zation ofVbothothe phenolic OH groups as well as those of the 
two sodium sulphonate groups at a pH of 4.27 so that Fe(iii) 
- 9 -
46 chromotropic acid w i l l be a un iva len t anion. L.Benisck 
has reported the polarographic s tud i e s of complexes of 
chromotropic acid with i r on . Chromotropic acid complexes of 
A g ( i ) ^ ^ t i n ( i i ) ^ ^ UO. /S C r ( v i ) ^ ^ Mn^^ Pb and Cu^I ^^^^^ 
been prepared and-s tudied. Mathur and Dey have repor ted 
colour r eac t ions of Hg(I & I I )> Sn» Au, Mo(vi) and Uo with 
chromotropic ac id . Marte l l e t a l have s tudied the hydroly-
t i c tendencies of metal che la t e s and have repor ted the hydro-
lyt-ic behaviour of C u ( i i ) chromotropic acid c h e l a t e . Perhaps 
the most extensively s tudied i s the chromotropic acid complex 
with t i t a n i u m ( i v ) . L.Sommer and L.Benisck have done the 
polarographic study of T i ( i v ) chromotropic acid complex which 
54 
was repor ted in i91k; by K.A. Hofmann . Arraost-Okac and 
bb 
Lumir Sommer did the spectrophotometric study of the 
Ti(iv) chromotropic acid complex. They pointed out that in 
coloured solutions of the complexes of Titanium (iv) with 
chromotropic acid, several complexes such as TiR, Ti R^  , 
TlR.jt Ti(OH) R., and Ti R. (R being chromotropic acid) are 
formed whose stepwise formation depended upon the concentra-
tion of the components and upon the pH of the solutions. They 
also calculated Global and Partial constants of formation of 
stable complexes. The pH values of the formation of the 
above complexes were determined. They found that chromotro-
pic acid is a suitable reagent for the selective detection of 
56 Titanium. S. Ya. Shnaiderman studied the composition of the 
compounds formed from the reaction of titanium (iv) salts with 
- xu -
chromotropic acid at different pH values and found that in 
concentrated sulphuric acid, the ratio Tisacid is I!! and 
for a pH = 3 - 4, the ratio is iS2. In the latter case the 
ratio changes to J.S4 upon standing for 2-5 hours. For 
pH = 7-8, they reported a ratio of ±S2 which remains constant 
even ijpon standing. They also calculated mol. absorption 
coeffs. in concentrated sulphuric acid, at pH = 2-3.5 and at 
pH = 4.5-8, which were 42uu, 5x5,000 and 175000 respectively. 
Titanium-chromotropic acid complexes were also studied by 
43 
A.K. Babko and O.I. Popova who ascertained their composition 
and some of their properties. They found that complexes 
between Titanium(iv) and chromotropic acid are formed und«ir 
usual conditions of colourimetric analysis in aqueous solu-
tions at pH = u-il. They reported that the study of the 
absorption spectra and the relation of complex formation 
topH shows that for each reagent at least two complexes are 
formed in the pH range 1-75 a red complex v/ith Tii(ligand) = 
xi'^ and a yellow complex with a ratio of i:3. They have also 
discussed the structure of the complexes. 
- 11 -
C A C 0 T H E L I N E_ 
57 Leuchs et al have described the preparation and 
properties of cacotheline. It is the nitrate of a nitro-o-
quinone of strychnic acidt or may be regarded as a nitrate of 
the bis dimethyl mono nitro brucine hydrate and is produced 
by the action of nitric acid on brucine as follows: 
N CO •+ ^ HNOj 0 = 
0^ , M M 'COOK 
C ^ 3^26^2 ^ 2HNO3 ^21^22^10^4 
(Brucine) (Cacotheline) 
58 Rudolf Lang found that cacotheline is easily 
reduced to a beautiful violet coloured compound of great 
colouring power. Strong reducing agents such as TiClg* 
SnClg and Wa.,S„Oo not only reduce cacotheline to the violet 
compound (this change is reversible) but go farther and 
produce a colourless substance (this change is irreversible). 
These workers extended the use of cacotheline in the detec-
tion of thiosulphate copper, iron, formaldehyde etc. Caco-
- 12 -
59 theline has been used in the determination of tin* by spee-
trophotometric method when Sn concentration ranged from 4 to 
16 p.p.m. and the transmittance was measured at 560 mitl. Caco-
60 TT TTT 
theline was used in the detection of tin, Fe and Fe 
and Cu . Luis Rossi has discussed a number of tests for 
tin inclxiding its test with cacotheline. V.S. Syrokomskii and 
64 E.V. Silaeva have described a method of the titration of 
Ti with eerie sulphate without interference by the oxygen 
of the air using cacotheline as an indicator. The acid solu-
tion is reduced with cadmium, 15 ml of saturated ammonixim 
sulphate solution are added and eerie sulphate run in from the 
burette adding the indicator at the end of the titration. 
Cacotheline can be used as a reagent for the detection of 
ferrous in the presence of ferric. Ferrous ions give a pink 
colour with a solution of cacotheline at a pH lying between 
1.48 and 4.58 in the presence of a sufficient concentration 
of sodiiim oxalate which serVes to bind the ferric ions by 
65 
complex formation. It was pointed out by Rao et al that in 
pH 7.4 phosphate citric acid buffer, cacotheline yields with 
Fe(II) a blue colour not stable in air. Fe can be detected 
by reduction to Fe"*--^  by ultra violet light. NagSOg, NagSgOo» 
KaHgPGg, thiourea, ascorbic acid, Sb**"^"**, As'*"^'^, U'^'*"*', V^'*', 
Cu"^, Cr+*, Ce"*"*"^ , Sn"^ "*", V"^ "^ -^ , Ge"^ "^  and Ti*'*'"^  do not interfere. 
The use of cacotheline as indicator was very much extended by 
66 Magyar et al who found cacotheline suitable as an oxidation-
- lb -
reduction indicator in stannometric titrations* They titrated 
Fe**""*""^, Cr^O^'", IO3", VOg", Fe(CN)g ""', Ce^ "*" and elemental 
iodine. They also pointed out that the scope of the use of 
eacotheline as indicator can be increased if it is combined 
•with other indicators e.g. diphenyl amine when Fe"*""*"*" and 
CrJDr^ can also be titrated together. 
D I T H I Z O I J E 
Dithizone (diphenyl thiocarbazone) was introduced into 
67 
analytical practice by Hellmut Fischer . It is one of the 
important organic reagents used in inorganic analysis. The 
properties of the different metal dithizonates and especially 
the established inner complex character of the dithizonates 
of 
givesYise to the working out new methods. The knowledge 
obtained by a thorough study of the complex dithizonates and 
also the varied uses made possible by the reagent, make a 
thorough discussion of dithizone necessary. 
Dithizone is used primarily in qualitative analysis 
especially in trace analysis. It forms highly coloured 
inner complexes with a great number of metallic ions, doubtless 
through chelation. Most of these inner complexes can be extract-
ed by carbontetrachloride. Even the individual elements can be 
- 14 -
69 
separated under proper cond i t i ons . H. Fischer divided the 
ions which give coloured complexes in to f ive groups depending 
upon t h e i r e x t r a c t a b i l i t y ^ l ) from d i l u t e mineral acids (Cu» 
Ag» Au, Hg and Pd) 2) from ace t i c acid so lu t i ons (Zn, Coi Ni» 
Pd, Cd and Sn) 3) from sodium hydroxide so lu t ions (Ag, Hg» 
Cu, Au, Pd, Co, Ni , Cd and Zn) , 4) from s l i g h t l y a lka l ine 
T T T 
solutions containing cyanide (Sn , Tl , Bi and Pb) and 
5) from strongly alkaline solutions containing tartrate (Co, 
Ni and Cd). From the point of view of its constitution, it 
is of value to observe that two types of dithizonates may be 
formed - a complex containing the bidentate keto form of 
dithizone, in which one hydrogen has been t displaced from the 
imido group (1), and a complex containing a tridentate enol 
form of the ligand, which structure envisions replacement of 















It is significant that those metal ions -toiiieh are good sulphur 
coordinators show the greatest tendency to form the 'enol' 
type of complex (II). Formation of the enol species takes 
70 place only in basic solution. The inner complex nature of 
most of the dithizonates is very probably the reason for their 
solubility in organic solvents and insolubility in inorganic 
solvents. 
This reagent has been put to many important useS in 
the analysis of various cations. Generally solutions in 
carbon tetrachloride and acetone are used. Dithizone is of 
little importance as precipitant. A quantitative treatment 
of the extraction phenomenon in the cases of the dithizonates 
71 
has been given by I.M. Kolthoff and E.B.Sandell. For quanti-
tative determination by means of dithizon^;three methods are 
generally available (i) gravimetric procedure (ii) volumetric 
procedure and (iii) the col<|*rimetric determination. 
92 Bernard Tremillon, spectrophotometrically studied the 
keto and enol compounds of copper and silver with dithizone 
using Job's method and linear analysis. f¥Le established the 
formation of Cu(H Hz)^, Ag(H Dz) as keto and Cu(Dz) and 
AggCDz) as enol forms. Spectrophotometric studies of dithi-
zonates of zinc» mercury* lead and silver have been carried out 
by Stancil S. Cooper and Mary Louise Sullivan. Fritz Feigl 
- 16 -
74 
and F.L'. Lederer employed acetone solution of* dithizone in 
the detection of ceriixm and zinc in water. Complexes of di-
75 96 
thizone with many metals e.g. tin, Cd and Zn, Cu, Hg and 
Ag*^ "^ ; Po;'^^ Ga, In, and TIJ*^ ^ Bi, Pb and Poj^^ Co, Cu and 
Zn^ "''? Cu and Hgj^^ Cu and Ag,^^ In,^ Hg,^^ and ruthenium' 86 
have "been p r e p a r e d . R e c e n t l y d i t h i z o n a t e s of Te l lu r i i im , and 
87 88 89 90 91 
Polonium, Gal l ium, Mercury, Lead and s i l v e r have 
been s t u d i e d . 
A L I Z A R I N 
Among the many hydroxyanthraquinones which have been 
92 isolated from nature or synthesized. Alizarin is the only 
one which is of major technical importance at the present time 
as a dye. It was isolated from the root of the madder plant 
93 (Rubia tinctorum") by Robiquet and Colin in 1825. It was 
synthesized and designated as i,2-dihydroxyanthraquinone in 
94 1868 by Graebe and Libermann. It is a polygenetic dye with 
colourS'l ranging from rose red with aluminium salts to violet 
black with iron compounds. The, lakes of alizarin are often 
95 
regarded as adsorption complexes, but a pure compound with 
96 Al and Ca has been isolated and assigned structure. Many 




98 F.W. Atack proposed at various times the formation 
of a lake with alizarin as a confirmatory test for aluminium 
but later on found that the reaction cannot be used as a 
direct test because of the susceptibility of the lake to 
traces of acids and the interference of other metals. Alizarin 
99 has been used for the determination of Thorium and ferrous 
and aluminium."^ In the estimation of Fe ani Al , the 
absorption of their alizarin derivatives is determined by a 
colorimeter with a photocell and 5 light filters. FepO^ and 
AIJOO are determined at a pH 4.5 with a filter of 450 - 520 nJJL. 
Iron is then determined with a filter of 600 - 630 m., and 
the aluminium is determined by difference. Alizarin forms 
copper, cadmium, iron and nickel salts which appear to be 
normal salts in which the H of the HO groups is replaiged by the 
metal. They are insoluble in cold water but dissolve in ethyl 
and methyl alcohol and acetone. G. Flumiani and ¥. Bajie 
observed the formation of a copper salt of alizarin in a 
copper autoclave in the presence of air. Lakes of alizarin 
with Or and those of alizarin sulphonic acid^ with Al*^ "*", 
4+ 4+ 4+ 4+ 
Sn , Ti , Zr and Th have been studied. Various com-
pounds of alizarin with Aluminium"^^, Bismuth•'•^ ,^ cobalt"^^ 
l U 7 l^ -o^ x* o*^"*^ v t-Wo^'ttoL . 
and Indium f^ Alizarin reacts with cobalt amine reagent and 
forms a complex cobaltic lake containing two cobalt atoms and 
fi»e ammonia molecxiles as represented by the follQwing formula' 
- 18 
^ C O C M V V J ^ , 
G.Flvimiani and N.Bajie have repor ted a very uns tab le* 
v i o l e t colours compound of a l i z a r i n with Cu(oAc/p i n a lcohol ic 
medium and have assigned i t the formulas 2 Cu G^^GgG^ 
Cu(oAc^2 . Bradford P.Geyer and George Mc P•Smith 
prepared a number of inner complexes fo r the purpose of 
determining by means of absorpt ion s p e c t r a , the r e l a t i o n s h i p 
between colour and s t ruc tu r e of lakes derived from a l i z a r i n 
and r e l a t e d subs tahces . A.K. Babi^ko and T.K.Nazarchuk 
have asse r ted t h a t under condi t ions of co lour imet r ic measure-
ments, metal ions form d e f i n i t e chemical compounds with 
a l i z a r i n . They s tudied many a l i z a r i n complexes and have 
found out the s to ich iomet r i c r a t i o i n which c e r t a i n metluLs 
combine wi th a l i z a r i n . Aluminitim and a l i z a r i n combine toge ther 
in t h e r a t i o of 1*1 and 1*2 and form two complexes. The r a t i o 
of U l i s a l so foxind for copper, zirconium and u rany l . I r o n 
combines with a l i z a r i n in the r a t i o of 1:2 and Sn i n the 
111 
r a t i o of U S . A.v.Endredy and Fr.Brugger have repor ted the 
formation of a v i o l e t red complex with TiOp i n concentrated 
sulphur ic ac id . They have a lso estimated TiOp i n concentra ted 
sulphuric acid us ing a l i z a r i n . The so lu t ions of the complex 
(10 - 5 X 10 moles of TiOg per l i t r e ] o b e y Bee r ' s Law* 
Alizarin Red S 
Alizarin Red S is a dihydroxy anthraquinone sodiun 
l l o 
sulphonate dye and was prepared by Graebe and Lieberman 
113 
as ea r ly as 1871. Recently ±3:6 a new method of sulphonation 
of a l i z a r i n and subsequent s a l t i n g out has appeared in l i t e -
r a t u r e . A l i za r in sodium sulphonate forms coloured complexes 
with severa l r a r e ea r ths v i z . Yt t r ium, Lanthanum, Praesodymium, 
Neodymium, Samarium, Gadolinium, Europium and Terbium as r e p o r -
±14 t ed by Robt. W.Rinehart . He has suggested t h a t al izatJin 
Red S can be used fo r the spectr©photometric determinat ion of 
these elements. The wave length of naximum absorpt ion i s 535 
nfll i n each case although the b e s t worlcing curves were obtained 
a t 55u HflJL. The colour was found t o be very s e n s i t i v e t o changes 
in pH and the re fo re so lu t ions were buffered a t pH 4 .67 . The 
development of the colour was found t o be ins tantaneous arui 
115 pe r s i s t ed a t l e a s t for 3o minutes. Rao e t a l used J o b ' s 
method of continuous va r i a t i ons and Molar r a t i o method for the 
study of t he complexes of a l i z a r i n red S with scandixim, yttriiam 
and Lanthanum and es t ab l i shed a r a t i o of U l (metal Jl igand) for 
a l l these complexes. The formation of coloured complexes of 
lanthanum, cerium and yttr i \ im wi th a l i z a r i n sulphonate has been 
116 
r e c e n t l y s tudied by L . S . Serdyuk and G.P.Fedorova who have 
asse r ted t h a t the formation of these complexes i s highly 
influenced by pH. They have found the r a t i o of U l for t h e s e 
117 
complexes. John J . Ford and James S. F r i t z have repor ted 
the complexes of Thorium with A l i za r in Red S and have devised 
- iriU -
a rapid and accurate method for the determination of Thorium. 
Solutions of thorium are titrated with EDTA using Alizarin Red 
118 S as indicator. John J.Lothe studied the bleaching of the 
Thorium Alizarin Red S complex^ by fluoride ions and Stanley 
119 K. Yasuda and Jack L. Lambert used cellulose supported Thoriumr 
Alizarin S reagent for fluoride ion determination. D.V.N. 
120 
Sharma and Bh. S.V.Raghava Rao l:H9 made spectrophotometric* 
colcMTimetric and gravimetric studies of Throium-Alizarin S. 
system and confirmed the ratio of ±si as given by previous 
workers. 
121 D.L.Mannings and J.C.White estimated Zirconium by 
differential spectrophotometric procedure by means of the red 
complex formed v/ith sodium alizarin sulphonate. The colour was 
developed in IM HCIO^ and stabilized by the addition of acetone.. 
The solutions were kept for 30 minutes after mixing and their 
optical densities measured at 530 mp against a reference standard 
122 
containing 1.0 mg Zr/gg .-n • Rao et al studied the complex 
formation between uranyl salts and alizarin Red S. T.N.Nazar-
123 Chuk studied the complex formation between molybdate ions and 
alizarin S. The complex is brownish red and is formed at pH 2-5 
in the ratio of itl (Alizarin SSNagMoO^) G.A.Parker and A.P. 
Goddarct studied the reaction between Aluminium and also the 
effect of the addition of calcium ions. The alximinium alizarin 
sulphonate chelate had been studied earlier by Liebhafsky . -
The composition and stability of lead-alizarin sulphonate complex 
IPS 
was taken up by Anil K. Mukherji and Arun K. Dey who found 
- 21 -
that the dye cannot be used for the colc^imetric estimation of 
lead. They used the Job's method of continuous variations and 
gave the ratio of the two reagents in lead-ali2;arin sulphonate 
complex as U l . The same authors studied the copper complex 
127 
of alizarin sulphonate in which they established the ratio 
of the two reactants as isj. and envisaged the rep^Lacement of 
the two phenolic H"*" in the dye by .one copper ion. Recently 
L.S. Serdyuke, and Trudy Komisii worked out a photometric 
method for indium determination on the basis of its reaction 
129 
with alizarin S and Samir K. Banerji and Arun K. Dey 
studied sodium alizarin sxilphonate complex with tungstate ions 
at pH 3.5-6. The ratio is 1S2 (MolybdateJligand). 
The literature cited above shows that a large amount 
of work has been done on alizarin sulphonate compounds yet there 
are several ions which form complexes with alizarin sulphonate 
and have remained unstudied so far. 
Eriochrome Black ~ T 
Eriochrome Black - T is a very important dye and is 
130 
obtained by the nitration of l-diazo-2 naphthol-4-sulphonic 
acid and subsequent coupling of the 6-nitro compound with 




bia.03 ^  -< i^ N '. ••-- N 
'A/Oj 
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Eriochrome Black - T has two ionizable hydrogens and the 
compound exists in three differently coloured species in 
131 
solution. It is therefore a pH indicator with two sensi-
tive regions of colour change (i.e. two pK values). If the 
dye is represented "by H2 F"* the following will show the 
equilibria between the three species: 
Hj^~ pK 6.3 . H F"^ ,PK 11>5 F"^ 
Wine red Blue Orange 
Cheliation with a metal ion results in the displacement 
of two protons to give derivatives of the type given below. 
^ ./ ^ M ^ - ^ \ / \ 
y 
One or more additional covalencies may be satisfied by other 
donors, such as water molecules. The equilibria in the magne-
sium complex is as follows: 
Mg"^ ^ + F~^^===± Mg F"-^  l o g K = 7 
orange wine red 
••^^ + H F ' ~ = = ^ Mg F'-^  + H"^  log K« = - 4.5 
Blue wine red 
- 23 -
The reagent "below pH 6.5 is not used because extensive 
polymerization to the reddish brown product occurs, further 
the metal complexes are also red and so the addition of this 
dye produces no clearly defined change in colour. Spectropho-
tometric studies have been carried out and different maxima 
at different pH ranges have been observed and it is further 
concluded that the best range for the formation of metal 
complex is pH 7 - 11 where a brilliant colour change from blue 
to red is obtained. To keep the pH constant a buffer mixture 
is always used. 
Eriochrome Black - T has been investigated as metal 
132 indicator by G. Schwarzenbach and coworkers. They reported 
the formation of complexes of calcium and nagnesium with Erio-
chrome Black-T at pH 8-10 in the ratio of i:i vJiich was con-
133 firmed by Harvey Diehl and F. Lindstrom. V.P.Madhava Menon 
±34 
and M. Sankar Das have detected calcium and magnesium in 
amounts from 5 - 50 V individually and simultaneously without 
prior separation by a procedure based on the differences in 
the stabilities of the complexes of the metals with Eriochrome 
Black - T and with EDTA acid at the same pH. Wilhem Dirschere 
and Heinz Breuer devised a simple method of determination of 
magnesium by first precipitating calcium as oxalate in a NHv, -
KH^Cl buffer solution of pH = lO. Alleriyoung and Thomas R. 
Sweet-^ "^  have done spectrophotometric studies on calcium and 
magnesium complexes with Eriochrome Black - T and Aubrey E. 
137 U 
Harvey, Jr., J.M. Kmarmy and G.M. Wyatt did the colorimetric 
- 24: 
oolorimoti'ic estimation of magnesium m t h Eriochrorae Black - T, 
"1 o Q 
Jack L. Lambert and Morris P. Grotheer have done 
spectrophotometric studies on Thi'orium-Eriochrome Black-f 
complex. They have found that only those dyes which have 
sulphonic acid group form insoluble throium compounds and that 
one Thorium ion reacts only with one sulphonic acid group. 
Dyes with more than one sulphonic acid group per molecule may 
form morethan one well defined thorium compounds. Other func- -
tional groups do not react with Thorium ions. The ion exchange 
properties of these compounds indicate the ionic bonding between 
Throium-dye complexes rather than a chelate ring structure. 
139 Nobuyoshi Kaneniwa has studied the complexes of Eriochrome 
Black-T with many metallic ions viz. Cu,•*"•*" Co"^ "^ * Ki''"''* Cd"*"*", 
Mg"^ "*", Ba"*""^ , Sr"*"^ , Cr"^ "^ "*", and Zn"^ "^ . V.G.Goryushxtta and E.V. 
±40 Rowanova have reported the development of blue violet colour 
when Eriochrome Black - T is added to a 2N HCl solution of 
zirconiiim which has been .: heated to boiling. G. Kallistratos, 
141 A P fam and B. Ossowski have reported the colour reactions 
of yttrium and zirconium. Recently Peter F. Lott, K.L.Cheng 
142 
and Bennet C.H. Kwan gave a highly selective photometric 
140 
method for thoriiim estimation and A.K.Bahko and L.V.Markova 
studied the complexes of Zirconium, Thorium and cerium with 
Eriochrome Black T. 
Eriochrome Black - T is the most extensively studied of 
all the Eriochrome dyes but still a number of metal ions form 
complexes with Eriochrome Black-Ts whiJ:ch should be studied. 
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Eriochrome Blue Black - R 
144 Eriochrome Blue Black - R is the product of the 
coupling reaction between l-diazo-2 naphthol--4 sulphonic acid 
145 
and /S-naphthol. The follomng structure is assigned to it. 
Na.OjS _ / 
6H 
I 
\ - / 
The two phenolic OH groups ionize and the values of 
pK,> at ionic strength of 0.008 and pK.^  at ionic strength of 
o.o8 are 6.2 and 12.5 respectively. The calcium and magnesium 
132 
complexes were studied "by G.Schvvarzenbach and W.Biedermann 
and the values of log equilibrium formation constant for IJI 
complexes at room temperature and at an ionic strength of 0,08 
have been calculated by Job's method of continuous variation. 
These are 7.4 and 5.7 for magnesium and calcium respectively. 
Neolan Blue B and Palatine Fast Blue BN are the chromium com-
plexes of Eriochrome Blue Black-R. Although Morgan and Main 
±46 Smith assigned to the cobaltic and chromic complexes of 
Eriochrome Blue Black - R structures in which only one hydroxyl 
group takes part in the chelation of the metal atom, they rea-
lized the great dissimilarity between o-hydroxy- and 0»0 - di-
hydroxy dyes in their ability to form stable coordination 
complexes? but the alternative oxadiazoline structures suggested 
26 -
by them to account for the part played by the two hydroxyl 
groups are untenable for several reasons. The complexes 
described by them need to be reinvestigated in the light of 
Drew's much more careful experimental work. The chromium 
complex of Eriochrome Blue Black R probably has the consti-
4. . . ±47 tution. 
3H 
F E R R O C Y A N O G E K ' C O M P L E X E S 
- 2.1 -
I«f^_T_R_0_D_U_G_T_I_0_r^ 
Among the metallic ferro and ferricyanides, the 
study of* titanium complexes has received very little attention. 
It was in the year 1942* that the X-ray diffraction patterns 
of heavy met^l ferrocyanides including titanic ferro and 
ferricyanides were studied by Harry B. Weiser, W.D. Milligan 
and J. B. Bates. Recently amperometric studies on the inter-
action of Titanium (iii) with potassium ferro and ferricyanide ; 
and tha t of titanium (iv) -vath potassium ferrocyanide were 
carried out by W.U. Malik. The results obtained, although not 
conclusive, were interesting enough and hence needed a more 
systematic and careful study. The interactions of titanium (iv 
and titanium (iii) with potassium ferrocyanide vrere studied 
by direct and reverse conductometric, thermometric and 
potentiometric titrations. (Potentiometric titrations in the 
case of Titanium (iv) ferrocyanide were not successful). The 
two precipitates obtained by mixing ferrocyanide in equimole-
cular ratio with titanium (iv) chloride and with titanium (iii) 
chloride were washed, dried and chemically analysed. The 
titanium-(iii) chloride-ferricyanide interaction v/as likewise 
studied and the solid complex obtained in the same way was 
chemically analysed. Not only this but the adsorptive and 
hydrolytic properties of the three insoluble complexes were 
also studied. Titanium (iv) ferrocyanide sol was prepared. 
Its charge v/as determined and the coagulation of this sol by 
the addition of different electrolytes was investigated. 
- 28 -
E X P B R I M E N T A L 
Preparation of Solutions ? 
About 150 ml eoln. of titanous chloride (12. S^ w/v 
soln. containing 12.5% HCl, M.B. England) was taken in a coni-
cal flask and about 10 gm of spec, pure titanium metal was 
added to it. Dry HCl gas was passed into the solution for 
about 10 minutes and the flask was heated on a water bath. The 
metal reacts with the acid producing titanous chloride and 
evolving hydrogen. The two processes were alternately repeated 
till all the particles of the metal underwent dissolution. 
The solution was covered \rith a layer of ether, cooled in a 
freezing mixture and saturated with hydrogen chloride gas when 
violet TiClg.eHgO crystallised. The crystals were repeatedly 
washed vath air free conductivity water three times and then 
dissolved either in pure 1% HCl or in absolute alcohol. The 
solution was aliv'ays kept covered with a layer of toluene in a 
flask vn^ apned in black paper. 
The solution of TiCl^ was standardised by adding a 
knoAf/n volume of it to excess of pure ferric al\im solution 
containing sulphuric acid and titrating the resulting ferrous 
sulphate against standard potassium permanganate solution. 
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Titanium (iv) chloride solution (TiCl. 12% w/v soln. 
containing 1% HClj B.D.H.) was standardised by dropping a 
known volume (5 ml) of it into the Jone's reductor along mth 
2.5 ml of dilute HCl and the resulting TiClo was dropped into 
ferric alum solution containing sulphuric acid. The ferrous 
sulphate produced v/as titrated against standard potassium 
permanganate solution. Solutions of various strengths were 
prepared from this stock solution whenever required because 
dilute solutions undergo hydrolysis on standing. 
The solution of potassiiim ferrocyanide was prepared by 
dissolving the reo^ uisite amount of recrystallised sample in 
/s-f 
conductivity water. The strength was checked by titrating 
against standard potassium permanganate solution taken in a 
beaker with a trace of ferric salt and dilute sulphuric acid, 
when one drop of potassium ferrocyanide in excess gives a 
distinctly blue colour to mark the end point. 
The solution of potassium ferricyanide was prepared by 
dissolving the requisite amount of a recrystallised sample of 
potassium ferricyanide in conductivity water and checking the 
strength by titrating against standard thiosulphate. 
Preliminary experiments i 
On mixing dilute solutions of titanous chloride and 
potassium ferrocyanide a yellow precipitate is obtained irres-
pective of the excess of either of the reactants. For analysis 
- 30 
a 'neutral' sample was prepared by adding increasing amountsof 
titanous chloride to a fixed amount of the potassiiom ferro-
cyanide solution. The precipitate thus obtained was centri-
fuged and the supernatant liquid tested for the t'itanous and 
the ferroeyanide ions. The precipitate obtained-by mixing 5 xjxl. 
of M/10 TiGlg and 5 wl of M/lOK^ Fe(CN)g did not give test for 
either of the ssi ions and a large amount of the precipitate 
was prepared by mixing the reactants in this proportion;.- The 
precipitate was washed with S0^ alcohol by repeated centrifug-
ing> w^ ashing finally with absolute alcohol and then with ether. 
The yellow precit)itate changed to chocolate brown on shaking 
with alcohol. It vras dried for a number of days in a vacuum 
desiccator over concentrated sulrihuric acid. 
The 'neutral' complexes of Ti(iii) ferricyanide and 
Ti(iv) ferroeyanide were obtained in a manner similar to that 
described. These were also washed with alcohol and ether and 
dried in a vacuum desiccator over concentrated sulphuric acid. 
The Ti(iii) complex was brownish yellow in colour while Ti(iv) 
ferroeyanide complex was dark brown. The reaction of Ti(iv). 
with potassium ferricyanide could not,be realised under varying 
conditions of concentration, temperature and pH. 
Chemical Analysist 
The method of decomposition of the complex was the same 
lS"3 
as used for the decomposition of ferro carbon titanium. The 
complex (0.5 gm) was weighed and transferred to a beaker with 
31 -
the help of 15 rnl of dilute sulphuric acid (Ul), 10 rnl of 
concentrated hydrochloric acid and 5 ml of cone. HNOo» The 
solution was evaporated over a water bath when the complex got 
completely dissolved. It was cooled, diluted to 100 ml and 
iron and titanium were preciDitated hy adding ammonia in' 
slight excess. It vras filtered without boiling and the t)reci-
pitate was washed on the filter uaper \Tith cold water and then 
tid-ce v;ith hot water. The filtrate was kept -for the estimation 
of potassium. The precipitate was dissolved in very dilute 
HCl J washing the filter ria-ner mth very dilute HGl and hot 
distilled water alternately and the washings v/ere collected • 
in'the same beaker. The solution was 'nearly neutralised with 
amm. carbonate, diluted to 300 ml and saturated with SOp gas. 
It was then boiled until hydrous titanium 'oxide v/as precipi-
tated and the solution gave a faint sm.ell of SOg. The process 
of passing the gas and boiling was repeated to preciDitate 
titanium com.pletely. The -Drecipitate was filtered washed v/ith 
dilute sulphurous acid and then with hot water. It was dried, 
ignited and v/eighed as TiO^* 
The filtrate was boiled to reduce the volume and to 
expel the SOp gas. The solution was boiled with a few mis, 
of cone. HKOo to change ferrous into ferric which was preci-
pitated as hydroxide. The pnt. v/as filtered, washed, dried, 
ignited and weighed as Fe<-,Oo. 
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The f i l t r a t e ( f o r t h e e s t i m a t i o n of p o t a s s i u m ) was 
e v a o o r a t e d t o d r y n e s s * d i s s o l v e d i n w a t e r and u s e d f o r t h e 
e s t i m a t i o n of p o t a s s i u m a s d i p o t a s s i u m mono-sodium c o b a l t i -
n i t r i t e . 
The v/eighed amount of t h e complex was f u s e d u d t h c a u s 
t i c s o d a , d i s s o l v e d i n w a t e r and t i t r a t e d a g a i n s t s t a n d a r d 
s i l v e r n i t r a t e s o l u t i o n . 
GHEt'IIC AL AI^ALYSI S 
T A B L E No. 1 
T i t a n i u m ( i i i ) f e r r o c y a n i d e . 






1 8 . 5 0 ^ 
. 5 1 . 0 5 ^ 
T o t a l 9 8 . 6 1 4 
1 6 . 0 3 4 / 4 8 . 0 = 0 . 3 3 4 0 4 1 . 0 0 0 1 
1 3 . 0 2 6 / 3 9 . 0 = 0 . 3 3 4 1 .0109 
1 8 . 5 0 2 / 5 6 = 0 . 3 3 0 3 9 1 . 0 0 0 0 • 
5 1 . 0 5 2 / 2 5 = 1 .9635 5 .946 






s a m p l e . 
1 6 . 0 7 : ^ 
1 3 . 0 7 ^ 
18.825%. 
51.173% 
1 6 . 0 7 3 / 4 8 
1 3 . 0 7 2 / 3 9 
1 8 . 8 2 5 / 5 6 
5 1 . 1 7 3 / 2 6 
= 0 . 3 3 4 8 
= 0 . 3 3 5 1 
= 0 .33616 




5 . 8 7 8 
^ 1 . 0 0 9 9 , 
^ ^ ^ ^ 1 . 0 0 
T o t a l 9 9 . 1 4 3 (CN) 5 . 8 7 8 
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Table No.1 contd. 
Titanium (iv) ferrocyanide. 
I sample. 
Ti 1 7 . 3 ^ 
Fe 21.56% 
CN 60.91% 
n^tr^+o^ Q Q "70 
1 7 . 3 2 / 4 8 
2 1 . K / 5 6 
6 0 . 9 1 / 2 6 
= 0 . 3 6 0 8 ' 
= 0 . 3 8 5 
= 2 . 3 4 2 7 
1 
1 .067 
6 . 4 9 3 
^ ^ ^®1.067 




T o t a l 9 9 . 7 6 
T i t a n i i i m ( i i i ) f e r r i c y a n i d e 
I s a m p l e . 
17.56% 
2 1 . 4 a ^ 
6 0 . 7 ^ 
1 7 . 5 6 / 4 8 
2 1 . 4 8 / 5 6 
6 0 . 7 2 / 2 6 
= 0 . 3 6 5 8 
= 0 . 3 8 3 5 
= 2 . 3 3 5 
1 
1 .048 
6 . 3 8 3 
• 








5 9 . 2C^ 
T o t a l 9 8 . 7 4 
I I s a m p l e . 
1 8 . 3 1 / 4 8 
2 1 . 2 3 / 5 6 
5 9 . 2 0 / 2 6 
= 0 .38146 
= 0 .37196 
= 2 . 2 7 6 9 
1 .006 
1 Ti 
^ • ° ^ Fe(CN), 6.004 
Ti 1 8 . 1 ^ 18.12/48 = 0.3773 1 
Fe 21.51% 2 1 . 5 1 / ^ = 1.018 1.018 TiFe-, ^^ „ 
1.018 





To ensure better accuracy in conductometric measTore-
ments a special metre bridge (500 cm manganin wire) was 
improvised. It was used in conduction with an oscillator 
(W.T.W. 1 Killo eye.) a head phone and dip type conductivity 
cell. Such an assembly was found to be quite sensitive for 
even very minute variations in conductance. Volume correc-
tion was made where^ver necessary. Titrations were performed 
both in aqueous and alcoholic medium. Direct and reverse 
conductometric titrations were performed to study the inter-
action of titanous chloride with potassium ferro and, ferri-
cyanide but in the case of titanic chloride and ferrocyanide 
only direct conductometric titrations were performed. The 
results are given in Table No. 2,3,4, 5 and 6 and Figures 
No.1,2,3,4 and 5. 
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T A B L E - I I 
See F ig . No. 1 
Conductometrie t i t r a t i o n s (Di rec t ) between TiCl 
and K^Fe(GK)g. 
3 
V o l . o f K^FeCGN)^ 
i n mils. 
0.0 
0 . 5 
1 .0 
1 .5 
2 . 0 
2 . 6 
3 . 0 
3 . 5 
4 . 0 
4 . 5 
5 . 0 
5 . 5 
6 . 0 
. 6 . 5 
7 . 0 
7 . 5 
8 . 0 
8 . 5 
9 . 0 
9 . 5 
1 0 . 0 
1 1 . 0 
1 2 . 0 
1 3 . 0 
1 4 . 0 
1 5 . 0 
1 6 . 0 
1 7 . 0 
1 8 . 0 
1 9 . 0 
2 0 . 0 
A 
0 . 1 4 6 
0 . 1 5 0 
0 . 1 5 3 
0 . 1 5 4 
0 . 1 5 5 
0 . 1 5 5 
0 . 1 5 7 
-
0 . 1 5 7 
0 . 1 5 3 
0 . 1 4 8 
0 . 1 5 0 
0 . 1 4 5 
0 . 1 4 4 
0 . 1 4 3 
0 . 1 4 0 
0 . 1 3 9 
0 . 1 3 8 
-
®x^0® 




0 . 7 7 0 
0 . 7 8 2 
0 . 7 8 0 
0 . 7 8 7 
0 .806 
-
0 . 7 8 4 
0 . 7 6 9 
0 . 7 5 0 
0 . 7 5 9 
-
0 . 7 2 6 
0 . 7 1 4 
0 . 7 0 0 
0 . 7 0 2 
-
0 . 7 0 3 
-
0 . 7 0 0 
G 
29 .1x10" '^ 
3 0 . 8 7 ' 
2 9 . 0 4 
3 0 . 0 1 5 
2 9 . 6 4 
3 3 . 6 2 
3 3 . 2 8 
3 3 . 7 5 
3 3 . 7 4 
3 3 . 6 4 
3 3 . 6 0 
3 3 . 6 3 
3 3 . 9 2 
3 3 . 6 6 
3 4 . 0 0 
3 3 . 9 8 
3 4 . 3 8 
3 4 . 9 1 
3 5 . 4 3 
3 5 . 6 8 
3 6 . 0 4 
mhos. 
B 
' 1 3 . 1 0 0 x 1 0 " ^ 
1 2 . 4 5 4 
1 2 . 5 0 5 
1 2 . 3 8 4 
1 3 . 1 7 8 
1 3 . 1 6 2 
1 3 . 2 4 8 
1 2 . 9 9 5 
1 2 . 8 4 0 
1 2 . 8 0 1 
1 2 . 5 0 0 
1 2 . 6 7 3 
1 1 . 1 5 4 
1 3 . 1 8 3 
1 2 . 4 2 0 
1 1 . 9 6 2 
1 3 . 7 4 8 
1 3 . 1 1 0 
1 4 . 1 2 3 
1 4 . 0 8 6 
1 4 . 2 5 0 
A 20 ml of M/20'TiClg in the cell, M/10 K^ Fe(Cl\l)g added from 
' the burette, 
B.20 ml of M/40 " 
C.20 ml of M/lOO " 
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S i •<-• 
-b:;. a 
I ^ -^^  
C ^ 
• N ^ S . 
i t , . v . : 
!\.M^ 
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T A B L E - I I I 
See Fi?;'. Ko. 2 
Conductometr ic T i t r a t i o n s ( r e v e r s e ) between 
TiClc, and K^ Fc(CK)g. 
V o l . c f T i C l ^ 
i n rn l s . 
0 . 0 
0 . 0 5 
0 . 1 0 
0 . 1 5 
0 . 2 0 
0 . 2 5 
0 . 3 0 
0 . 3 5 
0 . 4 0 
0 . 4 5 
- 0 . 5 0 
0 . 5 5 
0 . 6 0 
0 . 6 5 
0 . 7 0 
0 . 7 5 
0 . 8 0 
0 . 8 5 
0 . 9 0 











2 . 0 0 
C o n d u c t a n c e i n mhos . 
A 
3.73x10" '^ 
4 . 0 5 
4 . 1 0 
4 . 3 5 
4 . 7 5 
5 . 1 0 
5 . 7 0 
6 . 3 0 
6 . 9 0 
8 . 0 0 
8 . 3 0 
8 . 7 0 
9 . 6 0 
1 0 . 5 0 
1 1 . 0 0 
1 0 . 5 0 
1 2 . 5 0 
1 3 . 0 0 
1 4 . 0 0 
1 4 . 5 0 
1 6 . 0 0 
1 7 . 0 0 
1 7 . 5 0 
1 9 . 0 0 
2 0 . 0 0 
2 1 . 0 0 
B 
0 . 8 4 x 1 0 ~ " 
0 .86 
0 . 8 S 
0 . 9 2 







2 . 1 2 
2 . 2 0 
2 . 3 0 
2 . 4 0 
2 . 5 0 
2 . 6 0 
2 . 7 5 
2 . 9 0 
3 . 1 0 
o . oO 
3 . 4 4 
3 . 6 0 
o . bO 
4 . 0 0 
4 . 2 0 
4 . 4 0 
4 . 6 0 
4 . 8 0 
4 . 8 5 
4 . 9 0 
C 
0 . 7 3 x 1 0 " ^ 
0 . 7 5 
0 . 7 8 
0 . 7 8 
0 . 8 0 
0 . 8 4 
0 . 8 4 











2 . 0 0 
2 . 1 0 
2 . 2 0 
2 . 3 0 
2 . 5 0 
2 . 8 0 
2 . 9 0 
3 . 0 0 
3 . 2 0 
3 . 3 5 
3 . 5 0 
3 . 6 0 
3 . 8 0 
D 




2 . 0 0 
3 . 2 0 
2 . 4 0 
2 . 7 0 
3 . 1 0 
3 . 4 0 
4 . 3 0 
4 . 5 0 
4 . 7 5 
5 . 1 5 
5 , 6 5 
5 . 9 0 
6 . 6 0 
7 . 0 0 
7 . 5 0 
7 . 9 0 
8 . 3 0 
8 . 6 0 
9 . 6 0 
1 1 . 0 0 
1 2 . 0 0 
1 2 . 5 0 
1 2 . 5 0 
A.20 ml 01 25?i a l e M/2000 K^Fe(GK)^ i n t h e c e l l , M/5 TiGl 
i n a b s . a l c . a d d e o s. 
B. " " " M/80 " " " H/2 T iCl^ i n a b s . a l c . 
added. 
" M / 9 t^  " '• H 















0 -0.2 Q.q o.G O-'g /.o (-2 /-^ (-6 (•? '2-0 P'2 3.'v S . 6 
4 
0-S 
0-2 d-O O.b 6% hO IM f-Q l-% fi-o 
^•a c-U 0 . 6 o-fe /.(} /O! /.^ f.^  i-^ 2-0 2-:2 5-^ ? .6 
- 37 -
T A B L E - lY 
See Flcr, Ko. 3 
Gonductoinetric T i t r a t i o n s ( d i r e c t ) b e t v e e n 
T l G l . and K. Fe(CI\),.. 
^ ^ o 
V o l . o f 
K^FeCdOg 
i n w3- s . 
0 . 0 0 
0 . 0 5 
0 . 1 0 
0 . 1 5 
0 . 2 0 
0 . 2 5 
0 . 3 0 
0 . 3 5 
0 . 4 0 
0 . 4 5 
0 . 5 0 
0 . 5 5 
0 . 6 0 
0 . 6 5 
0 . 7 0 
0 . 7 5 
0 . 8 0 
0 . 8 5 
0 . 9 5 
1 . 0 0 
G 0 i-^  
A 
1 . 0 4 0 
x l O - 1 
-
1 . 0 2 5 
0 . 9 6 4 
1 . 0 1 8 
2 x S i 0 
1 . 0 4 8 
1 . 0 3 6 
1 . 0 8 5 
D U C T 
B 
0 . 4 6 6 
x l 0 ~ l 
-
0 . 4 7 7 
0 . 4 8 1 
0 . 4 9 1 
0 . 4 9 7 
0 .49c i 
A i'i G E 
C 
2 . 3 9 0 
x l 0 ~ 2 
2 . 4 4 0 
2 . 4 7 5 
2 . 5 1 0 
2 . 5 1 0 
£i • O-LU 
2 . 4 9 0 
2 . 4 8 0 
2 . 4 6 0 
2 . 4 4 9 
2 . 4 3 0 
I h 
D 
1 .6 5 0 
x l O ~^ ^ 
1 . 6 2 0 
1 . 6 0 0 
1 . 5 8 8 
1 . 5 7 0 
1 . 5 6 0 
1.5-12 
1 . 5 3 0 
1 . 5 1 8 
1 . 5 0 2 
1 . 4 9 2 
M H O S 
E 
0 . 9 6 6 
xlO""^ 
0 . 9 7 0 0 
0 . 9 6 5 0 
0 . 9 6 25 
0 . 9 6 2 5 
0 . 9 6 0 0 
0 . 9 5 7 5 
0 . 9 5 5 0 
0 . 9 5 0 0 
0 . 9 4 8 0 
0 . 9 4 7 0 
0 . 9 4 5 0 
0 . 9 4 2 5 
0 . 9 4 1 0 
0 . 9 4 1 0 
0 . 9 4 0 0 
0 . 9 3 9 0 
0 . 9 3 9 0 
0 . 9 3 9 0 
0 . 9 3 9 0 
F 
0 . 6 8 2 x 1 0 " ^ 
0 . 6 7 6 
0 . 6 6 8 
0 . 6 6 0 
0 . 6 53 
0 . 6 4 7 
0 . 6 4 2 
0 . 6 4 5 
0 . 6 4 1 
0 . 6 4 0 
0 . 6 3 5 
0 . 6 3 3 
0 . 6 3 0 
0 . 6 2 8 
0 . 6 3 0 
0 . 6 2 8 
0 . 6 2 7 
0 . 6 2 3 
0 . 6 2 2 
0 . 6 2 2 
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Tpble Ko.IV Gontd. 
A B C D E 
1.1 2.430 1.480 
1.2 1.092 0.493 2.420 1.470 
1.3 2.400 1.458 
1.4 0.497 2.390 1.448 
1.5 1.092 2.375 1.440 
1.6 1.072 0.493 2.360 1.437 
1.7 1.456 
1.71 2.350 
1.8 1.075 0.490 2.450 1.4425 
1.9 2.400 1.437 
2 .0 1.062 0 .431 2.330 1.430 
2 .2 1.050 0.478 
2.4 1.052 0.478 
2.6 1.040 0.472 
2 .8 1.022 0.454 
3 .0 1.008 0.466 
3 .2 1.008 0 .463 
3.4 1.002 0.453 
3.6 0.992 0.448 
3 .8 0 .992 0.448 
4 . 0 0.985 0 .445 
(A) 40 ml of M/lOO TiCl^ i n t h e c o n o u c . c e l l , M/5 K^FeCCK)^ added 
(B) €0 ml of M A O O & 2 S a l e . TiCl^ i n t h e c o n d u c . c e l l , 
M/5 K.Fe(GK). added. 
(C) 80 ml of M/400 TiCl^ i n t h e c o m u c . c e l l ,M/5 K.Fe(CK)^added 
f'Q \ i( II II If II ir II 
(E) 100 ml of M/lOOOTiCl^ " " 
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EaaMaaawaaaaaci BaBsaaBXhaaaB^iDnvkCBsait J2 
>«Baff8t;ca*))aM.ai BaaiaavaBjEvaazaaaaaaaaBi* ' (»aBRBaa'H«9«w< a^aaKaasttaaaBvaaa^taaaawt 
tBBnlisaaa^Kakai a«ga«^aaH»Bab«n«i'.K<r?'. BBBI>. 
>f- j iBaxr»»BaaaaiaaaBkaaaata«cv»Bft '«>. '=*a«Ka 
^|! If ; ^  i if '^jj.i ^  i ^  1 ^  . :j'j j j j ^ ||!^  ij! 




















*«at[9*aKifp»waa*':«aa«P(iB«B<iaBaBi('ai K(iBii(M3(i*»ae«i«a*HKa<:BrBiiBBBXBB«aBa f %«B««pnK«B»aBEr«-*Br 'aaBaesanaaa i 
• f-nNctsfupaBparc .\saaa (aviaBcnuiiBaaA 
an-•.%»»««•( R<i'i>;:iab«aa t .xiaB*a«aB«v^ 
^ ' " t l ^ t t t ' t ' t tfet ttf **" 
TF Sra" TT T' + J ' t i t • f i t "n 
ISBMABKI UB^Ika rvttn4««UI?aiIBt 
:a«Bnaa««Eiua«"va*BB«a»'^aa> 
- 39 -
T A 15 L Ih - V 
See F i ; - . Ko. 4 
C o n d u c t a m e t r i c T i t r a t i o n s ( d i r e c t ) 
betv/eeri T i C l ^ and KoFe(GK)-^« 
O O O 
V o l . o f C o r r e c t e d Go nduc tgnc e i n mhos . 
K.,?e(GKV 
i n m i s . "^  A 3 C D 
0 . 0 SO.lOxlO"^' 84 .49x10" '^ 2o .450x l0~ '^ i S i v S x i Q ^ -
1.0 5 0 . 1 0 9 0 . 1 0 2 8 . 4 5 0 1 9 1 . 5 x 1 0 
2 . 0 6 2 . 3 2 7 7 . 1 8 2 9 . 8 1 2 0 1 . 8 5 
2 . 5 - 7 9 . 3 4 
3 . 0 6 3 . 6 3 8 1 . 1 4 3 1 . 6 2 5 1 9 8 . 8 3 
3 . 5 6 2 . 2 3 8 1 . 7 3 
4 . 0 6 2 . 7 9 8 3 . 9 4 3 3 r 3 6 0 1 9 6 r 4 4 
4 . 5 _ _ _ _ 
5 . 0 6 3 . 6 4 8 5 . 0 7 3 5 . 0 0 0 1 9 5 . 2 8 
6 . 0 6 4 . 7 8 8 8 . 6 1 3 6 . 1 4 0 1 8 4 . 6 0 
6 . 5 - 9 3 . 0 1 
7 . 0 6 3 . 9 4 9 2 . 2 6 37^125 1 8 3 . 4 6 
7 . 5 - 9 2 . 4 1 
3 . 0 6 5 . 1 3 9 4 . 7 6 3 8 . 0 8 0 1 9 5 . 3 9 
9 . 0 6 5 . 9 7 9 4 . 7 0 3 9 . 1 5 0 1 9 7 . 0 5 
9 . 5 - 9 4 . 7 7 
1 0 . 0 5 6 . 5 2 9 9 . 8 6 4 0 . 0 5 0 1 9 9 . 3 5 
1 0 . 5 - 1 0 1 , 3 0 
1 1 . 0 5 8 . 9 1 9 7 . 1 4 1 . 3 8 2 0 1 . 8 1 
1 2 . 0 7 0 . 4 0 4 2 . 7 2 0 2 0 6 . 7 2 
1 3 . 0 7 1 . 6 6 4 3 . 7 2 0 
1 4 . 0 - 4 4 . 5 4 0 2 1 4 . 0 3 
1 5 . 0 7 4 . 6 6 4 5 . 5 0 0 2 1 7 . 3 5 
1 6 . 0 - 4 6 . 0 5 0 2 1 9 . 4 2 
1 7 . 0 - 4 7 . 5 4 0 
1 3 . 0 7 9 . 1 7 4 9 . 4 0 0 2 2 4 . 7 7 
1 9 . 0 -
2 0 . 0 8 1 . 9 0 5 1 . 2 0 0 2dJ. .00 
A 4 0 ml of M/40 T i C l o i n t h e c o n d u c . c e l l , M/lO K^Fe(Ch)^ added 
B 40 ml of 11/80 " " " " , M/20 " " " 
G 20 ml of M/lOO " " " " , M/50 " " " 

















u.. ^ ii g- '*o /^ L /-v z*^  /«- :.<i 
V o l . o f 
- 40 -
Table - VI 
See Fi'"'". i-.o. 5 
Conductonetric T i t r a t i o u s (Reverse) 
beti'jeen TiCl.-, and K^Fe(Ql. )^ 
o o o 
C 0 K D TJ G T A i\ C I >. i -UlUO 
i n n i i s . 
0 . 0 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 3 5 
0 . 4 0 
0 . 4 5 
0 .46 
0 . 5 0 
0 . 5 5 
0 . 6 0 
0 . 6 4 
0 , 6 8 
0 . 7 0 
0 . 7 5 
0 . 8 0 
0 . 9 0 












2 . 0 0 
A 
^ r~^ 
• 7 .10x10"^ ' 
G.60 
1 1 . 5 0 
1 2 . 4 0 
-
-
1 4 . 4 0 
1 5 . 0 0 
1 5 . 4 0 
1 5 . 5 0 
-
-
1 5 . 7 5 
-
2 1 . 0 0 
2 3 . 5 0 
-
2 5 . 5 0 
2 9 . 0 0 
-
-





3 5 . 5 0 
3 8 . 5 0 
4 0 . 0 0 
B 
S . 4 x 1 0 
9 . 7 
1 2 . 2 
1 4 . 6 
-
1 7 . 5 
1 9 . 3 
-
1 9 . 5 




2 6 . 2 
2 7 . 0 
or- c; 
-
3 3 . 0 
3 6 . 0 
-
-
4 2 . 5 
-
4 4 . 5 
-
4 4 . 5 
4 5 . 5 
— 1^ • O 
D 
5 . 6 x 1 0 
9 . 2 
1 0 . 8 
1 2 . 8 
1 4 . 8 
1 5 . 6 
1 7 . 5 
1 7 . 8 
1 9 . 0 
9 . 1 0 x 1 0 
1 1 . 5 0 
1 2 . 9 0 
1 6 . 5 
1 9 . 0 5 
20.8 
9^ . .^  
25.4 
^ • w • <_>-
33.0 
O K r\ 























^1 - 6 2 
GonxcL. 
- 41 -
Table I:o. VI c o n t d . 
A B C D 
2.40 47.04 
2 .60 48 .02 
2.80 49 .59 
2 .90 50.36 
(C-. < 51.63 
3 .00 • 51 .75 
3 .05 51.97 
3.10 ' 52 .55 
3 .15 53.24 
3.20 ' 53.36 
3.40 54.99 
(A) 20 nil of H/lOO KoFe(CiO^ i n t h e c e l l , M / 2 . 5 TiClo added 
(B) 25 ml of li/lOO KoFe(GIOr i n t h e c e l l , M / 2 TiCl^ added 
(C) 20 ral of M/lOO & 2gS a l e . KoFe(ClO^ i n t h e c e l l , 
o o 
M/2.5 TiClo added. 
(D) 20 itfL of M/50 KoFeCCK)^ i n t h e c e l l , H /2 .5 TiCl^ added 
O O O 
;o-Ci 
i fi • O 
lQ-0 
yc-^. 
o ' .;:•' 
<::;• 
-? 
6^  /.. ' . i^ 
i » 




• / ^ ' 
-».( A I. /-v 




d. A / - . ^, 
^ . Av' tT • Z> 
/'t5 ^-a 3'o '•''O a-'^ ' 
2.-0 
- 42 -
Thermometric T i t r a t i o n s t 
For the therF.oraetric t i t r a t i o n s > aDewar ' s f lask of 
100 cc capaci ty housed in a metal enclosure covered with f e l t 
was used. The annular s^ace betvreen the f l ask and the vessel 
vjas packed \jith •"lasswool. The bure t t e was v.fraT n^ed with 
asbestos on all- sicies except for t h e s t reak l e f t to make the 
fTaduations v i s i b l e . The r eac t^n t s were kent for sometime to 
a t t a i n room temperature before ac tua l ly startin^-'- the t i t r a -
t i o n s . Var ia t ions in temnerature were noted by a Beckm.an 
therm.orietor v/nich was nreviously ca l ib ra t ed at the room 
tem'oerature. 
Both d i r e c t and reverse t i t r a t i o n s were ca r r i ed out in 
the case of t h e i n t e r a c t i o n s of t i t anous ch lor ide with 
potassium, f e r r o and f e r r i cy^n ide . I n the case of t i t a n i c 
chlor ide .-^ nd ferrocj^anidc i n t e r a c t i o n only the d i r e c t t i t r a -
t ions v/ere r^er'^'ori.'.ed. The r e s u l t s are piven in Table I \o.7j8, 
9 and 10 anci Fin-. Ko.6j7,o and 9.. 
- 43 -
T A 3 L E - VII 
See F i g . Ko. 6 
Thor rnomet r i c T i t r a t i o n s ( d i r e c t ) 
b e t w e e n TiGl . : and K.Pe(CK)^ 
V o l . o f Change i n t e n i i o e r a t u r e . 
K^^Fe(CI\)g 
i n riHs. A B C D 
0 . 0 . 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
0 . 2 0 . 0 3 
0 . 4 0 . 0 6 
0 . 5 0x©S 
0 . 6 0 , 0 9 
0 . 8 0 . 1 2 
1.0 0 . 0 3 0 . 0 3 0 . 1 5 
1.2 0 . 1 7 
1.4 0 . 1 9 
1 .5 0 . 0 5 
1.6 0 . 2 1 
1 .8 0 . 2 3 
2 . 0 0 . 0 3 0 .06 0 .06 0 . 2 5 
2 . 2 0 . 2 8 
0 . 4 0 . 3 1 
2 . 5 0 . 0 7 
0 . 3 4 
0 . 3 7 
0 . 0 9 0 . 0 9 0 . 4 0 
0 . 4 2 
0 . 4 4 
0 .46 
0 . 4 8 



























P^^ » = ptrtttigj 
" f..4 . <^' •:.'. fc 
i i i i *• ''* 
pt 
^ 8 HIT 
f 
tL: 









' ^ll'Tirt' "•" W 
J7J|j|tj:| 
ij-flfHp: 







ffW T*t fr 
H" 'TT 
ilfn 
1 j j l j - 4-r 
•iml/ft-nTTrt-irfiTt- rtrtt 
A - . / \ ' .-. . ^ 1 . ^ 
-^J-W j -h+ -r 
I^Wl 





X A l i i l iH lB if« 
• wa>««a«»3»M«i^BiaattSi!atf«i*««««««««»«aMeaKa»fi»Siin«»in>«5K *•'.»£»•> tStn x&M»ii»**^WKa»mtmim»^mn*K*^*%t*mv'itMM**wam'Da*4»it»itm^ 




EiSh««Ct ta««va i« laaB»a* t |«a««f Bi M.MW«i.Sa«MstfBKxsse»K«ea«BaiB< 
iBsa«! rv*BaaB>»*a«»v .^s: iMssaftfiSBii*-* • « « « » » » i a iaaR«a»itaaBa««iap>tt >>•« iaa*a«t'aBtt*aB«>-vi*' • •««> isaaa<Bii««aB«P4*>'' ' -^aiB 




• i v a B a a a a t • •B*aaB*«i .«BaaB'a * - • « • • (Hiairak; 
'ee.K>ac*»n««,xitBBXaBa«a>R»BBBaBa 
E"a8»>9a*««<ia3*ai t iaaMB««i i aas^kadBCiaaqaBiqKasSB 
aBa icaksav tsa icaB iaaavacvaBaMavaaBsaaeaBaABBaav 
nanitac«««>Baa«i*aBai>aB 
va«i i ia»9«B«BB»si ia«i««t 
49aaa«4aaA«s«3«<Bi> i ta 
nBfl«aerua<e«B3Hii>>Biia«* 
• a B e i i « « t 9 i B > a i B * > i a * a 
• aaaa»BBEira«BaKBaaBai 
• aaaBD*»4i9«a0 3« avSnat 
• Ka«aagio«4iiB*3a«B«a*< i B 8 E * « » « B i « B a i 4 a a d B 4 i i 
















l * B a * i 









• aaBaaa»» i iH«« i2* i iB8t tS««a:>««a0Baa«K»iaa«Ba»-«»««* .«»kBaS*«Bi«9 i f»aH«* '««&waV»«Sa* inS^K|sn 
B«8«ha*9eaBBeaa»vetriHa4aaa«aaMBaBHiiB*«««»CBa*raitBBkBBaa>B«i9a 
• • a9 *>B- ' a iBusa»Ba«a i4sB«a«««B«aBti«Bff B«BaeftBHtfV«,ara«««e#g Ba<)s» 
• B«Bavji^e* 's«He«a9KaitB*«* «i>a(>•««««• aaaaitii*E«ik;4B«a4 a* B an t a c a * 
• « « • • JBBB «BBHaa«BHS«fta«*ea*a^«r«Bk«B*aaKBaeEVB»iiB«sBa«ens<ia 
• Bar' a a r , ' « B V - t - ' i i««- . i i i ( ! « ' • ' ' ' • ' a a a a « B i i B a t i a a I F * B B B a s c a a a ^ c a 
• ^••>(«a»aBaaaa|aBr0a >>'••> . tsa- iat l iausavDafl >ici««.B««Bka*DapB»Bi|^j 
i i«ae*a i (Haa«««aaiBf l« . i « « « a i a a » a * a « a « B » * < i a « G « a r « f a«s»aa«if H B B M 
itn*«»B*i!B>t|iiaBii« <a«BVMKaiiv9*i«««BaaaahBna&it«sB''f S » « B « a « « 9 a « a « l 
''<i>a«Baii:»OM*aaaiitt-»««aJIKblS<i'i'«iiSBBiii s*a««axe; j««ai«naaa»k»&&it iS 
• itai>«a»«B.B»as.>lv «a4«eia*aas»a>^a< • * • • • •i*«ai«ii,««BS«att«alraita«»«BM 
BaBav<iB>tj«aaaii««a*aH*' ' ^ K * * ' " * ' * a •««!!> Bj|«B«cB«aiii'a«t<M»B*ftgia • » • • • 
a a a a r c .>«a«aaG6iian«^'- '«>'a* ' 'B's- aaa>a«aci4 b«««k»aBina'7*Baa«BBa 
ABaBaerBKBBBBBBS' -ans^kea??: .»(>4 •" tna aaau t trraaB:C'.i O R t« ( iB i««V« 
• • • a a ^ t B •-•• . - J • •« i i»«ei ,« ' iH' f f * 'B»a B«a«a*rBeirf> * . * « « B B * * a * M B * 
raaca BBK ^ - vdvra n M J « . KkaoT snae-i a iai ta • a*a« •i'S«i)B.is]BJiaa**Ma * • • « » 
hn|^^:g:£:j^|^qj: H:l ilBiyi SSCl.'V* 
vBasanv 
• • a a a a i 






v S l t l 
kfuavi 
r^ 
» + j 
M 
B«»e JB1I-













^ l l l l rHtJI f t lmfe '^"^ . /x ' c>. g g | 
a«a«9ttKBB»aaa«i«>' i t i ia»aB«ea*«epP9aaBKva*»enB«>«l>BtiBBaBaB 
nascaa«a»a«*>••• . j .«SBacaaE8aa»*a.'>*BnBiiiisiaBM^nKaaaasaaEaB B*B»*a z«i.9Kpr^««cD3BaaBt>a3*v>Ba]»iiB*aBBB4BB>i(iaDSBKaaaii« 
a:>i*«i>a*•*««> ^aftS8BaBaP^caa<-<iaji3«Baviiaci>iB4--.tfic«a»«««•*•*• 
vaSBajBesa^ •a&BaBB«eaB(v>«naeB>'«Bci!BBfl'i v*BBCBaBavBBBaat» 
• •easSt ia jaiak'aB&aaiasaa'KZiiiccrcvBiicaiae asa (tauaaa B>aa<««K* 
C B » » B | ' " asc-aBaBaaBaitBKBaar a r e a * B «««.<• utriMBc^aiaativBi-aBB* 
• IB* * a * e « i a > )tBCk«a««BaTiF!ii i i i9a>BBB*>*>*aBV«ass a a n * a i kaa 
• 1* «eCD*ta<£••'BitiataiBae«««'Ht-serSifaji»>«wa:kaa«i>a««o>B'«»a* 
a •!frB#»iieaai«*BJ«BttBa»-a<iKaaBaatia«s««B«aB»*an«s««'0'tbaaB» 
1 -r (ttBii e»4i«?j'i> •aaaaBBB aap»9 a*«fli<B<iv*«a*BSe'><«BSa>BaBSBBSB i ' «a fT iaa«* ( i a s i t a n a i B i ' a ^ a f »««BB«ii«ai. uBBBBanaBit a.s!xaa««Ba 
>i i f»Bf««aa*«»p0t i iaar0«nsBk;ta#iEi t> l isasBi ice«a3f 'Si ,6«aaaa<taa ( s«aBii»»a>ia»>^ji »««B': i i^e>aa'«a«BX5*«««t jaa««si ina«ec!aaBBaaa ica*iB#«aBa«k*it««tii i«*B>>aaaci[aHaf(aBs«BHB«s«vat.a«Ba*eBaB»B 
• ••rliak-BBBVAa* «<:>aBaBiair«B* • v a s s ^ a a •-• r ieaaaaaK^sttoaaBBBa 
B » * I I I B 4 BBBBi-ii • * » • * * iB- i 'BTiBcieQs<asx(3>iaaBKr*a»aaaa(iaiBai i i 
• It Baa a Beans ira«B*a«ns'B»!ii iB«naiB«>k»«'f<PBiaB«>BKSBaaai>aai 
Bi i>>ei«s«aar««B6B>iB«aBE*cBciaBi ia«i*«* »iiK»»£,»mmaAw l aa B>B4 Brasss •d-l0Eav^B9B»>')a»aBe'> o«E«JFa«B*3aBBBav««s»a svBvaaa (•*aii?»iBSBir««t CB ! • » • • « a B « B Ell:11ft td'^'B;! caaaaBBBaa«««««>• atiB Baa«aic8B«e«?a.«*B«BBB*'Bf'«* >'«>^<*»f >veaBasriBe¥sBji;aHdafca6 
ttBsvBi4*»ttTb«>«e«)t»B«aB»*aa<4»Bii i i r*»B(i«iT««tr«x»Qes^*aK«B 
caBe-elicassiiBi.HBB aoBBa a aritr* I B . I E V • rs ' t f taaB* a as «>(>;#«««;• (siltr B • • • • * « «t«ffu aa>ra«>saKiRBa«<)*a9<-ii'>>p«naB aar-iar>Ba>!icca< tfV&kCC 
aaca4 f ri««»«Bsatfaai>BBKAi*«('eaaf«ei>eia«ajiv>faBa*«c^;'£B« r c a a 
*aBae^wE'*acBVBB«FB*aa<a«BBafea»V9BVA«eaBi<:«qabBaSass««<na 
afifii«R4 4aea«a«aBBa«ns«»aB*««wc«ii)«i i i ta»B^s««!*«aaacn»Bs »a*a 
• 9 « l l W ^ a S k a a S B I J B « B I > 9 & W > B 3 B « « l ! H > < l > 4 ' a 3 4 B B B < r « l t « B ^ a ^ < V i % F V » « S 3 
««'«atiea>s'aBnnit<ta:ttDBa»ii')i'aua«Aa»aHi««ettira«*R«tt»«B«««aBBBS3 
vnvat t ia j i f a•I.MBk•lB«BBirBsalSR3•»B«lBSK*Ba««*BkaA•IIV»•&»«r:^ 
K«atai i««!ts«-Ft«a**«««a*B»«nB««>Ba*«f lSBaB«aa*a«irhB>«MnBBv 
cKBP«f asau«:BSciH««B«>BBaa4«A<v«B«aaB«aB>BrsirBS«r«ettBa>*B» 
v»>*dS^a*.K-ia KB-a-aKacKarKaaotuaaaacBaBB BS«aBv»B£(. c.r*Cii«««a 
B»<»aiBB««y«a<9a>8>>i t~ iSTai«»a««»aBB«*v«BaaBa«»!-4aac(>BB 
^ ^ ^ & s * a a « « a « « * K a B a « s » s a a t aaita* • & • « * • a «BBB9« >*'£*«« nor B9a OB 1*4 aaccBBesrBsoB* 
^BKBB»»<(«9««Biraa»Bflaa»iiE>cn94Kai>aaw«iaBXiiv»<iirBB>,*ii4-r iLaaaapukiiiit i'.^%\ir '•t 
• • | | I B K * * a « i ) « i l t a » d * a > s • • » 4 i a a y s ( j « a a « aBBaBKo-twa •B3a»a>:>*• tKBBBaarhB•«9a4Bati? 
Tit5*B a a aw* BBB^IT a*vB<.t i»*aitB>i i»vvBiiBBt<rf la«»a*v«>c':cait tsiai i«eBBBaaaai<i i*>>BBa 
B^aava ««•!!•« Batcvaaa a «i.'v«KXB-tr-o B BBBaayNSira «# ka> va»B(iB»B:/a4<f 
B;iEa«Bftr3«.#a«acassa.aiiiB*BB*BsH 
«a»a«i<aa'tK*«BB»Ba««ailiB*«a»BBia 
m T-vaavKiiCgv baa a t *•*{•)• iHraBajfaBif 
r >ikaai*»'*9it:iei*»K«Bai;dBa*B>(aa>i 
V vk««a«as<«<baraBBraHt>*sa'(^£A< 
li'BBBBieaaii-aiiiSBEB * « • » « • « « U P * B I 
• By«BetaeB»«B-ii»3iiae'.-aiiBV]r^Bsi* 





4> v•s^BR««lIa1'|<«aBSf cfD a *•»*>« 3LJ 
taB-aaaaaBKaKaftarBj i v a o e f f t ^ s 
aaaa^ioaaeE'srAaanritkKif aav9»3n 
aar«s<r«HBBi isuea> i j>n«aaBs«K» 
a;'t<«8«i>n»»««'naa9aup*« £ jtav-tai' 
BraavocscwvaMBa^BBtavaasaBEf 
• tacsBk^kMraaBCtfeasi i t iaaBKcir 
B faaaavaaa taauea a., aaaamsvcais 
crBaaB««srasaa««BGaaaaBi>BBit i 
r i B z a a • -. as^ B •aiatrniiBBvaaaB-': «aa 
• •BaaaBi>v«i[BBa£»«KBifaai^abB«« 
di Mc>B3r«iSa(;^.r,(aB Hi'Bit i im^aDei, 










4 . 0 
4 . 5 
5 . 0 
5 . 5 
6 . 0 
6 . 5 
7 . 0 
7 . 5 
8 . 0 
8 . 5 
9 . 0 
1 0 . 0 
1 1 . 0 
1 2 . 0 
1 3 . 0 
1 4 . 0 
1 5 . 0 
1 6 . 0 
1 7 . 0 
1 3 . 0 
1 9 . 0 
2 0 . 0 
2 2 . 0 
2 4 . 0 
2 6 . 0 
2 8 . 0 
c< 0 . 0 
3 2 . 0 
3 4 . 0 

































Tab le Ko.7 contd. . 
B C D 
0.50 0 . 1 2 
0 . 1 6 
0 • 2 J 
0 . 2 8 
0 . >2 c 
0 . 3 8 
0 . 4 2 
0 . 5 0 
0 . 55 
0 . 6 1 
0 . 6 6 
O . l S 
0 . 2 4 
0 . 3 4 
0 . 3 8 
0 . 4 1 
0 . 5 4 
0 . 6 5 
0 . 7 1 
0 . 7 9 






A 40 n l fo M/2G TiCl^ i n t h e t h e r n o s f l a s k , M/lO K^Fe(CN)^ 
added rZ'rom t h e b u r e t t e 
B 40 nil of M/20 TiClo i n t h e thermos f l a s k , M/5 K.Fe(GK)^ 
added from t h e b u r e t t e . 
G 40 ral of 1-I/40 TiCl3 i n t h e t h e r n o s : f lask , M/5 K^Fe(CK)g 
adced from t h e b u r e t t e , 
D 40 ni of M/lOO TiCl^ i n t h e thermos f l a s k , M/5 K^Fe(CK)^ 
o 4 6 
added from t h e b u r e t t e . 
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T A B L E - VIII 
See Fir^. Ko. 7 
Therrnornetric T i t r a t i o n s (Rever se ) 
between TiCl^ and K.Fe(GKK 
tij 4= n 
V o l . o f 
T i C l o 
i n ra f s . 
0 . 0 
0 . 5 
1 . 0 
1 . 5 
2 . 0 
3 . 0 
4 . 0 
4 . 5 
5 . 0 
6 . 0 
6 . 2 
6 . 5 
7 . 0 
7 . 5 
3 . 0 
9 . 0 
1 0 . 0 
1 1 . 0 
1 2 . 0 
1 3 . 0 
1 4 . 0 
1 4 . 5 
1 5 . 0 
C H A !•. C i I i-. • 
A 
0 . 0 0 
-
0 . 0 5 
0 . 0 9 
0 . 0 9 
0 . 1 2 
0 .16 
-
0 . 1 9 
0 . 2 4 
0 . 2 4 
0 . 3 1 
-
0 . 3 3 
-
0 . 3 5 
-
0 . 3 9 
0 . 4 4 
0 . 4 8 
0 . 5 2 
0 .5S 
0 . 5 9 
0 . 6 2 5 
0 .6 55 
0 . 6 8 5 
B 
0 . 0 0 0 
-
0 . 0 2 0 
0 . 0 3 9 
0 . 0 5 1 
0 . 0 6 9 
0 . 0 7 7 
0 . 0 9 2 
0 . 1 0 0 
0 . 1 1 0 
0 . 1 2 2 
-
0 . 1 4 1 
-
0 . 1 5 2 
0 . 1 5 4 
0 .166 
0 .176 
0 . 1 9 2 
0 . 2 1 0 • 
0 . 2 2 0 
0 . 2 3 1 
0 . 2 4 2 
0 . 2 5 7 
-
0 . 2 7 2 
r E ri P E R i 
c 
0 . 0 0 0 
-
0 . 0 3 5 
0 . 0 4 5 
0 . 0 5 5 
0 . 0 6 5 
0 . 0 7 5 
0 . 0 8 5 
0 . 0 9 7 
0 . 1 0 7 
0 . 1 1 5 
-
0 . 1 4 3 
-
0 . 1 4 7 
0 . 1 6 1 
0 . 1 7 5 
0 . 1 8 9 
0 . 2 1 9 
0 . 2 4 5 
0 . 2 7 4 
0 . 2 8 7 
0 . 3 0 5 
0 . 3 2 7 
-
0 . 3 4 5 
I T U R E 
D 
0 . 0 0 0 
-
0 . 0 4 0 
0 . 0 6 0 
0 . 0 8 0 
0 . 1 0 2 
0 . 1 2 0 
0 . 1 3 7 
0 . 1 5 9 
-
0 . 1 9 9 
0 .229 
0 . 2 5 9 
-
0 . 2 9 2 
0 . 3 1 9 
0 . 3 4 3 
0 . 3 8 3 
0 . 4 3 9 
0 . 4 9 9 
0 . 5 4 9 
0 . 6 0 3 
0 . 6 4 5 
0 . 7 1 9 
-
-
(A) 40 ml ox M/20 K.Fe(ClO^ i n t h e thennos f l a s k , M/2.5 TiCl^ 
^ o o 
added ffon the burette 
(B) 40 ml of H/40 " " " M/5 TiCl^ added from 
the burette. 
(G) 40 ira of M/80 " " " H/lO " added from 
t h e b u r e t t e . 
(D) 40 ml of M/160 " " " M/20 " added from 
the burette. 
K^t.V.^?/ .7>>!(^^- I ^^^,(A^.. £^ c^'^^. .V ^%,^  /^ v ^^^-^O-^. 
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i H L iC - iX 
See ?ir. Ko.8 
Thormometric Titrations (direct) 
between TiCl,- -anci K,,Fe(GlO^ « 
t— ^ L t--, 
V o l . o f 
K^Fe(GK), , 
i n rnl s . 
L, S M P l i i R A T U R E 
0 . 0 
0 . 5 
1 . 0 
1 . 5 
2 . 0 
2 . 5 
3.5 











1 0 . 
1 1 , 


















. 0 5 
,0 
.0 
, 0 5 
0 . 0 0 0 
- 0 . 0 1 0 
- 0 . 0 2 0 
- 0 . 0 3 0 
- 0 . 0 4 0 
- 0 . 0 5 0 
- 0 . 0 6 5 
- 0 . 0 7 5 
- 0 . 0 8 0 
- 0 . 0 9 0 
- 0 . 1 0 5 . 
- 0 . 1 1 5 
- 0 . 1 2 0 
- 0 . 1 2 5 
- 0 . 1 3 0 
- 0 . 1 4 0 
- 0 . 1 4 0 
- 0 . 1 5 0 
( A ) 20 nl. o f K / 2 0 0 TiC 





0 r l 5 0 
O . I S O 
0 . 2 0 5 
0 . 2 3 0 
0r250 
0.270 
0 . 0 0 0 
0 . 0 5 0 
0 . 1 0 0 
0 . 1 5 0 
0 . 1 9 0 
0 . 2 3 0 
0 . 2 S 5 
0 . 3 0 0 
0 . 3 3 0 
0 . 3 6 0 
(C ) M/5^ u 
0 . 2 9 0 
0 . 3 0 0 
-
0 . 3 2 0 
0 . 3 3 5 
0 . 3 5 0 
0 . 3 6 0 
0 . 3 6 5 
0 . 3 7 0 
0 . 3 7 5 
0 . 3 8 0 
0 . 3 8 5 
t h e r m o s f l 
It ti 
II ti 
0 . 3 8 5 
-
0 . 4 2 0 
0 . 4 4 5 
0 . 4 7 0 
0 . 4 8 5 
0 . 5 0 0 
0 . 5 2 2 
0 . 5 4 0 
0 . 5 5 0 
0 . 5 6 2 
0 . 5 8 0 
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T A B L E - X 
See F i g . No.9 
Therr^ome'bric T i t r a t i o n s ( d i r e c t & R e v e r s e ) 
betw^ei^ T i C l g and KgFeCCK)^. 
V o l . o f T i C l - CHAI^ GB IN TEMPERATURE 
or KoFe(GN)^ 

























(A) 20 ml of M/20 T i C l g i n t h e t h e r m o s f l a s k , M/lO KoFeCCN)^added 
(B) 4 0 im of M/40 " " " " " , " " '< " 
(C) 30 ml of M/60 " " " " " , M / 2 0 " " " 
(D) 4 0 ml of M/80 " " " " " , " " •• « 
( E ) 4 0 ml of M/50 KgFeCGN)^ i n t h e t h e r m o s f l a s k , M/5 T i C l g a d d e d 
0 . 0 0 
0 . 0 3 
0 . 0 8 
0 . 1 2 
0 . 1 6 
0 . 1 9 
0 . 2 3 
-
0 . 2 6 
0 . 3 1 
-
0 . 3 3 
-
0 . 3 5 
0 . 3 6 
0 . 3 7 
0 . 3 7 5 
0 . 3 7 5 
0 . 3 8 0 
0 . 3 9 0 
0 . 4 0 0 
0 . 4 2 0 
0 . 4 3 0 
0 . 4 4 0 
0 . 0 0 
-
0 . 0 3 1 5 
0 . 0 7 5 2 
0 . 0 9 9 0 
0 . 1 3 5 0 
0 . 1 8 4 
-
0 . 2 1 1 5 . 
0 . 2 6 4 0 
-
0 . 3 1 6 2 
-
0 . 3 3 7 5 
0 . 3 6 9 7 
0 . 4 0 3 0 
0 . 4 2 4 0 
0 . 4 4 5 5 
0 . 4 8 1 2 
0 . 5 0 4 0 
0 . 5 2 7 2 
0 . 5 5 1 0 
0 . 5 9 0 0 
0 . 6 1 5 0 
0 . 0 0 
0 . 0 4 0 
0 . 0 7 0 
0 . 1 1 0 
0 . 1 5 0 
0 . 1 8 0 
0 . 1 9 5 
0 . 2 0 5 
0 . 2 1 0 
0 . 2 3 0 
0 . 2 4 0 
-
0 . 2 5 0 
0 . 2 5 0 
0 . 2 6 5 
0 . 2 8 0 
0 . 2 9 5 
0 . 3 0 5 
0 . 3 1 5 
0 . 3 3 5 
0 . 3 4 0 
0 . 3 6 0 
0 . 3 7 0 
0 . 3 8 0 
0 . 0 0 0 
0 . 0 1 0 
0 . 0 2 5 
0 . 0 4 0 
0 . 0 5 0 
0 . 0 7 0 
0 . 0 9 0 
-
0 . 1 1 0 
0 . 1 4 0 
-
0 . 1 5 0 
-
0 . 1 6 0 
0 . 1 6 5 
0 . 1 7 0 
0 . 1 8 0 
0 . 1 9 0 
0 . 2 0 0 
0 . 2 0 5 
0 . 2 2 0 
0 . 2 3 0 
0 . 2 4 0 
0 . 2 5 0 
0 . 0 0 0 
0 . 0 4 0 
0 . 0 5 0 
0 . 0 8 5 
0 . 1 0 5 
0 . 1 3 1 
0 . 1 6 4 
-
0 . 1 8 9 
0 . 2 1 3 
-
0 . 2 3 3 
-
0 . 2 6 1 
0 . 2 9 1 
0 . 3 3 2 
0 . 3 5 1 
0 . 3 6 3 
0 . 3 8 7 
0 .406 
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The potentiometric titrations were performed vdth the 
help of a Tinsley potentiometer using a lamp scale outfit. 
The ferro-ferricyanide couple v;as created at the platinum 
indicator electrode "by adding a little potassium ferricyanide 
to potassium ferrocyanide solution. Titrations with pot. 
ferricyanide could be carried out even mthout adding 
potassium ferrocyanide to the potassium ferricyanide solution. 
Both direct and reverse titrations were successful in the case 
of titanium (iii) ferricyanide while in the case of titanium 
(iii) ferrocyanidef only the direct titrations yielded useful 
results. In the case of titanium (iv) ferrocyanide interac-
tion potentiometric titrations failed to give any result. 
The results are given in Table No.11 and 12 and Fig.No.10 and 
11. 
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T A B L E XI 
See F i e . Eo.lO 
Potentiometric Titrations (direct) 
between TiClo and K^Fe(CN)g. 
Vol.of 
K.Fe(GK)^ 











































































(A)-20 ml of M/50 TiCl^ and 2e!^S alc.soln. in the beaker. 
(B) " M/lOO " 
(C) " " M/200 
(D) " " M/lOO 
M/25 K^Fe(CN)g added. 
" 2£^ alc.soln. in the beaker, 
M/50 K^Fe(CN)g added. 
" 25 alc.soln. in the beaker, 
M/lOO K^FeCC-N)^ added. 
l alc.soln. in the beaker, 
M/50 K4Fe(CN)g added. 

- bO -
A B L 
- XII 
See Fifi. Ho.11 
PotentiomGtric Titrations (direct & reverse) 
between TiCl^. and KoFe(GK)-~. 
o o o 
Vol. of TiCl, 


































-0 ,322 -0.106 
-0 .322 -0.106 
-0 .318 
































































































(A) 20 na of H/50 25^ S alc .TiCl .^ i n t h e c e l l , M / 2 5 KoFe(CN)^added 
(3) 20 ral of 11/100 TiCl^ " " " , M/SO " 
(C) 20 ml of M/lOO " " » " " " , M " " 
D) 20 ml of M/200 " " " " " " , M/lOO " 
It 
It 
E) 20 ml of M/50 KoFe(GK)r i^ ^ "the c e l l , M/25 TiCl^ added 
( ? ) 20 ml of H/lOO " ;RII a l e . " , M/50 " 
/\ I o . 
- - / ' ; • . ? _ .(-,'!•/ 
-0—CC 
Xi '" . y\ 
>4 
1>9 
•/cyc^ y; }-7^^ /^^ f^,^y,^)^,.;,., ^^£^^Q,r,, 
si 4-c' i 
•1-a' A 
C^ AJ» -C 
U'^-C ^'j;^, -&:j / ^ r-;-'v^5- .:;;.;. ^-.^^ . -C- . t -X  
'i.'.::ti'.Z,3-{' .^ ' A^. i ^ . ' . » - - « c . / . - c 3 d 





Adsorption of either of the reactants on the various 
titanium ferrocyano<:'en com'olexes was studied eraploying 1 gm 
of the fresh3_y proci'oitated corripound. Assujiiin^ G" that the 
reactions bet%':een the metal and the com^olexing agent takes 
nlace in a simr^ le atoiehionetric ratio j the requisite araounts 
of the reactants were calculated in milli litres and the 
reactants in varyin.2- proportions were raixed in a series of 
flasks. To ensure accuracy of results, the flasks were 
arran.f'ed in duplicate and kept for about 12 hours to attain 
equilibriu.in. ThjToup'hout this time interval a current of 
•ourified Co.^  was Dassed ttirough the solutions. The so3-ution 
from each was decanted and centrixuged and the centrifugate 
was titrated in order to knovj the amount of the reactants 
left, after remaining in contact with the freshly preciaitated 
comalex. 
The results are tabulated in Table No.13 and Fig.No.12. 
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T A B L E - 13 
Adsorp t ion of TiCl-^ on KTi"^^-^ Fe-'--^(Ci\')^ ( 1 gm. ) 
«-> o 
No. M/5 TiCl-^ M/aC.Fe(CK)^ Water N/50 KMnO. mole/mole 
'^  ^ *^  fo r adsorbed 








" +10 " 
" +15 " 
•' +20 " 
¥ +25 " 
" +30 " 






m l . 61 .6 ml. 
56.6 " 
51.6 " 
46 .6 " 
41 .6 " 
36.6 " 
0 .25 ml. 
1.30 " 
2 .40 " 
4 . 0 0 " 
5 .70 " 







Adso rp t ion of K^Fe(Ci^>g on K Tl-^ "^ "^  Fe^-^icn)^ ( 1 gm.) 
No. M/5 TiClo M/9C.Pe(CN}^ Water N/25 N/25 N/25 mole/mole 
"^  "^  KMnO^ K.Fe(CN)g KMnO. adsorbed 
added for 6 ml. 




































4 6 . 6 • 













m l . 0 . 9 
0 . 9 
0 . 7 
1 . 1 
1 .0 
0 . 7 
1 .2 
0 . 9 ' 








4 . 1 
5 . 1 
6 . 3 
7 . 9 
9 . 0 
10 .3 
11 .8 


















T a b l e K o . l 3 ( c o n t d . ; 
A d s o r p t i o n of T i C l ^ on Ti"'"^ F&^-^iCM)^ ( 0 . 8 6 8 5 6 gm. ) 
No. M / 3 . 0 3 9 7 
K^Fe(GN), 
M / 1 . 3 4 5 2 





















T i C l ^ 





4 5 " 
Water 
7 5 . 3 3 ULL. 
7 0 . 3 3 " 
6 5 . 3 3 " 
5 5 . 3 3 " 
5 0 . 3 3 " 
4 0 . 3 3 " 
N / 5 . 6 5 
KMnO. m l . 
f o r l O / o f 
s u p e r n a t a n t 
0 . 3 m l . 
0 .6 " 
1 .10 »' 
2 . 2 " 
2 . 7 " 
3 . 5 " 
m o l e / m o l e 
a d s o r b e d . 
s o l n . 
0 . 4 3 9 9 
0 . 5 8 0 3 5 
0 . 6 1 4 8 
0 . 6 3 0 7 
0 . 6 6 5 1 5 
0 . 6 8 1 0 5 
Adsorption of K^Fe(CN)g on Ti-^ F^e-^ -^ (CK)g (1 gm. ) 
N 0. M/aC.Fe(CN)g M/STiCl^ ,. Water K725 KMnO^ equivalent mole/mol 









































m l . 5 6 . 6 
5 1 . 6 
4 6 . 6 
4 1 . 6 
3 6 . 6 
3 1 . 6 
2 6 . 6 
2 1 . 6 





















3 . 8 5 
4 . 4 5 
7 . 3 0 
7 . 8 
8 .9 
9 . 6 
1 1 . 0 
1 3 . 0 








- 0 . 2 8 0 8 
- 0 . 1 4 5 6 
- 0 -47S4 
- 0 . 3 2 2 4 
- 0 . 3 9 5 2 
- 0 . 1 7 6 8 
- 0 . 2 0 8 0 
- 0 . 3 6 4 0 
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Table lJo.13 (Contd. ; 








































KMnO^  for 
5 ml. of 
superna-
t a n t l i q u i d . 
0.2 ml. 
9.25 
0 . 2 
0 . 6 
2 . 7 
4 . 3 
6 . 4 






























9.615 na. 9.615+2.5 ml. 
" +5 








































for 5 ml of 
supernatant 
l i q u i d . 
r 3.3 ml. 
6.2 " 




















CX^(^-^^'-frXK^tr^J y" '^'^-'^tf y r - - '^ f-""--' /~^/"(^c r^jj^' 
-—£j- - . - B - , ; 
l.J„=i.-.i,".'f-vi.£-t>"--'' -'^ -'- .' •«- '"---3 -'''^' ' '- :^, • • J A 




For studying the hydrolysis of the various complexes, 
the solutions of the reactants for a particular complex were 
mixed in such quantities as to give 1.0» 0.75, 0.5, 0.25 and 
0*125 gm. of the complex in a fixed volume of the suspension 
(100 cc>. Carbon dioxide was then passed through these flasks 
for 12 hours. The solutions were centrifuged and the superna-
tant liquid titrated for ferrocyanide and, ferricyanide depend-
ing upon the complex used and the percentage hydrolysis calcu-
lated. 
Hydrolysis of K Ti-^ -'-^ Fe-^ -'^ (CN)g 
No. M/5 M/5 Water ¥t. of N/25 KMnO. N/25 % 
K.Fe(CN)^ TiCl^ comp- added to ^ K.Fe(CN)- hydro-
^ ^ "^  • lex. 5 ml. of ^ ^ lysis. 
supernatant 
liquid. 
1. 16.7 ml. 16.7 ml. 66.6 ml. 1.0 gm. 3 ml. 1.5 ml. 35.8 
2. 12.525" • 12.525" 74.475" 0.75 " 2 " 0.9 " 35.2 
3. -8.35 " 8.35 " 83.3 " 0.50 " 2 " 1.1 " 43.3 
Hydrolysis of Ti-'-^ Fe-^ -^ CCN)^  
No. M/5 M/5 Water ¥t. of N/25 KMnO. N/25 % 
K.Fe(GN)^ TiCl. com- added to K.Fe(GN)- hydro-
• 10 ml. of ^ ^ lysis, 
1. 16.7 ml. 16.7 ml. 66.6 ml. 1.00 gm 
2.. 12.525" 12.525" 74.475" 0.75 " 
3. 8.35 " 8.35 " 83.3 " 0.50 " 
4. 4.175" 4.175" 91.65" 0.25 " 
5. 2.087" 2.087" 95.8" 0.125" 
supernatant 
l i q u i d . 






3 .1 " 
3.7 " 
3.9 " 








Although all the precipitates described above showed the 
tendency to pass into the colloidal state either on washing 
with the dispersion medium (water or dilute solutions of the 
complexing agents, only in one case viz. titanic ferrocyanide 
a fairly stable sol could be obtained. Assuming'that the 
comt)lex titanic ferrocyanide is obtained according to the 
stoichiometry TiCl^ + K^FeCCN)^ —?-TiFe(CN)g + 4KC1. 
the preparation of the sol. was tried by mixing the reactants 
in equimolecular proportions. This resulted in the formation 
of a colloidal precipitate rather than a sol. However on 
employing potassium ferrocyanide as a peptizing agent a stable 
sol could be obtained. For the studies in hand 0.85 cc of O.IK 
potassium ferrocyanide was taken in a beaker and diluted to 
about 150 cc with double distilled water. To this 50 cc of 
titanic chloride solution (containing 0.76 cc of O.IN titanic 
chloride) was added drop by drop with constant stirring. By 
this method, a fairly stable ,sol containing titanic and ferro-
cyanide in the ratio 0.8911 was obtained. The dialysed sol• 
became quite unstable and even after dialysis for a short 
periodi^  {-^ hour;:), it became so unstable as to get precipitated 
in about five hours. Dialysis of the sol also led to a change 
in colour from red to green. The colloidal properties were 
therefore studied with the undialysed sample. The sol showed a 
movement of the dispersed phase towards the positive e«4 ©^ tfee 
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e l ec t rode ' the reby shovdng t h a t a negat ive ly charged sol i s 
ofetained. 
Coagulation s tud ie s were ca r r i ed out with a number of 
ca t ions with a sol of concent ra t ion 0.5 gm. per l i t r e and 
aomparison made for the time i n t e rva l of one hour^ The r e s u l t s 
are given in Table No.15. 
T A B L E - 15 





0 .9 " 
0.6 " 
0 . 3 " 
M/200 
BaCl2 
0 .7 ttl. 
0 .6 " 
0 . 5 " 
0 .4 " 
0 . 3 " 
















































C X t 
4 .59 
4.56 
4 . 5 0 
4 .50 
















































M/600 Mi l l imo les of 
Th(N03>4 Th(N03;4 
3 .5 ml. 
3 .4 " 
3 .3 " 
3 .2 " 
3 .0 " 
2 .9 " 
2 .8 " 
2 .7 " 
M/50 
CaCl2 




0 .9 " 



















s o l . 
























































2 . 1 m l . 
2 . 0 " 
1.9 " 
1 .8 " 
1 .7 " 
1.6 " 
1 .5 " 
1 .4 " 
1 .3 '• 
1 .2 " 
1 . 1 " 
M NaCl 
2 . 0 m l . 
1.9 •« 
1 .8 " 
1 .7 " 
1.6 " 
1 .5 " 
M/2 
KNO3 
2 . 5 m l . 
2 . 4 " 
2 . 3 " 
2 . 2 " 
2 . 1 " 
2 . 1 " 
1 .9 " 
M i l l i m o l e s o f 
M g : i 2 
0 . 1 0 5 
0 . 1 0 0 
00095 
0 . 0 9 0 
0 . 0 8 5 
0 . 0 8 0 
• 0 . 0 7 5 
0 . 0 7 0 
0 . 0 6 5 
0 . 0 6 0 
0 . 0 5 5 
M i l l i m o l e s of 
NaCl 












1 . 0 5 
1 .00 
0 . 9 5 
Vol e of 
s o l . 











V o l . o f 
s o l . 







































: of c o a g u l a -
t i o n . 











of c o a g u l a -
t i o n . 














2 . 6 2 5 
3 . 0 0 0 
3 . 1 4 0 
3 . 2 4 0 
3 . 1 4 5 
2 . 9 6 0 
3 . 2 2 5 
3 . 1 5 0 
3 . 2 5 0 
3 . 3 0 0 
3 . 3 0 0 
C X -
6 1 . 2 5 
6 0 . 0 0 
5 8 . 6 5 
6 0 . 5 0 
6 0 . 9 0 
6 1 . 0 0 
6 1 . 0 0 
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M KBr 
1 . 1 m l . 
1 .0 " 
0 . 9 " 
0 . 6 " 
0 . 5 " 
0 . 4 5 " 
V o l . of 
M KCNS 
1.6 m l . 
1 .5 " 
1.4 •< 
1 .3 " 
1 .2 " 
1 .1 " 
1 .0 " 
0 . 9 " 
0 . 8 " 
0 . 7 " 
0 . 5 " 
0 . 4 " 
M i l l i m o l e s of 
KBr 
1 . 1 
1 .0 
0 . 9 
0 . 6 
0 . 5 
0 . 4 5 







1 . 1 
1 .0 
0 . 9 
0 . 8 
0 . 7 
0 . 5 
0 . 4 
Vo l .Of 
s o l . 
5 m l . 
V o l . o f 
s o l . 
5 m l . 
Time of 
t i ( 
CO 
Dn. 





6 0 " 
Time of 














a g u l a -
s 
a g a -
C 
G X 
2 2 . 4 
2 2 . 5 
2 3 . 8 
2 3 . 4 
2 4 . 0 
2 5 . 3 
2 4 . 0 
2 4 . 3 
2 4 . 0 
2 4 . 5 
2 4 . 0 
2 4 . 0 
Millimoles of various electrolytes required 
to coagulate 5 ml of sol in one hour. 
A1C13 





0 . 0 0 0 2 5 m] 
0 . 0 0 1 5 
0 . 0 1 6 
0 . 0 5 5 
























D I S C U S S I O N 
The fact that titanic ferrocyanide can be dispersed 
in a fairly stable state by excess of potassium ferrocyanide 
and that the other complexes also show a tendency to pass into 
the colloidal state merely by washing leads to believe that 
the various complexes could be endowed with high adsorptive 
capacities. Adsorption experiments, however, do not give 
precise information regarding this behaviour since in only two 
(bases viz. KTi"^''^ -^  Fe^-^(GK)^ and Ti-'-^ Fe'^ "^ (GN)^  adsorption of 
the respective metal ion is seen. In other cases an anomalous 
behaviour creeps in and instead of positive adsorption of 
either of the reactants, negative adsorption takes place. The 
anomaly may be explained either by assuming the hydrolysis of 
the complex when coming in contact v/ith the solutions or due 
to the swelling of the freshly precipitated complex. Since 
the latter effect is not marked (as seen during the course of 
the experiment) the only factor v/hich can be taken to be opera-
tive is their hydrolysis. That it is so, finds support from 
our experiments on the hydrolysis of titanous and titanic 
ferrocyanides v;here this tendency is exhibited to a fairly 
high degree. 
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The results of chemical analysis show that titanous 
ferricyanide and titanic ferrocyanide may be represented by the 
formula Ti-'--^ F^e-'--'--'-(CN)g and Ti-^ '^ Fe-^ (^CN)g respectively. How-
ever, it is difficult to say that titanous ferricyanide having 
T T T T T T 
+ 1-1/3 rt i-im-nnoT+.-i n n a a T"-? Va (r'.\\]\ i « T>cin11-ir -Pr\r>inorl -in -ir-i QI.T 
of a fairly large redox potential existing in the system 
Ti"*"*^ "^  + Fe(CM)^""" Nrjj_++++ ^ Fe(GNV~~~~. The value 
• 6 "s ' 6 
of K for the above reaction (calculated from the oxidation 
potentials of titanous-titanic and ferro-ferricyanide couples) 
6 is 2.7 X 10 . Such a large value definitely points towards 
the oxidation of titanous to titanic and the consequent reduc-
tion of the ferricyanide to the ferrocyanide. The reaction 
of titanous chloride with potassium ferricyanide can thus be 
represented ass ' 
Ti^ "*""^  + Fe(GM)g"-^ ,jj_++++ ^  Pe(CN)g 
Ti"^ "^ "^^  + FeCCN)^"!^! > Ti Fe(CN)Q 
The o v e r a l l r e a c t i o n b e i n g , 
TiClg 4- K3Fe(CN)g = Ti-"-"^  Fe-'--'-(GN)g -f 3 KCl 
The t i t a n o u s f e r r o c y a n i d e i s formed by t h e r e a c t i o n . 
TiClg + K^FeCyg = K Ti-*"^^ Fe^^Cy^ + 3 KCl' 
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The results on conductometric» therraometric and 
potent!ometric titrations between Titanium salts and the 
corresponding potassium ferro and ferricyanide provide enough 
evidence regarding the formation of the complexes of the 
type KTi-^ -^ -^  Fe-'-'-'-(CN)g, Ti''--^''- Fe^ "-^ -^ (GN)g and Ti-^ F^e-^ -^ (CN)g , 
thereby confirming our results on the chemical analysis of 
titanous ferro and ferricyanides and titanic ferrocyanide. 
. Since the composition of the washed and dried preci-
pitate should normally differ with the one freshly obtained, 
it was expected that 4:he physical methods employed here would 
provide suitable information in this state also. A survey of 
the titation curves would reveal that besides the combining 
ratio of IJI (for which the above mentioned compounds have 
been enumerated) other combining ratios are possible. Thus 
the ratios 2:1 and. 2:3 (TiClg :K^Fe(GN)g vide Fig.1,2,6,7 and 
10) are seen to exist in the case of conductometric (both 
direct and reverse) thermometric and potentiometric. titra-
tions. With these ratios the following stoichiometric reac-
tions may be visuSilised to take place '• 
21 iClg -}- K^FeiCN)^ = KTi^ -^ -^ -'-^ Fe-'--^ (CN)g.TiCl2 + 3 KCl 
2 TiClg + 3 K4Fe(CN)g == 2 KTi-'--'-^ Fe-'--'-(CN)g.K^ Fe(CN)g+ 6 KCl 
The formation of the above mentioned complexes appears to be 
highly probable in view of the fact that the titanous ferro-
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cyanide complexes in t,heir freshly precipitated state are 
liable to adsorb both titanium and ferrocyanide ions. It will 
be v;orthwhile to mention here that information regarding the 
+ -1-+ III II / V 
adsorption of Ti on KTi Fe (GN)- is forthcoming on the 
basis of our experiments on adsorption (0.8805 moles of Ti*"^ "^  
adsorbed per mole of KTi''' Fe (GN)^. Useful information on 
the products of interaction of TiGl. and K^Pe(CN)^ is avai-
lable on the basis of conductoraetric and thermometric titra-
tions. Here the combining ratios of 2^1 and 2^ 3 (TiGl^ ' 
K.Fe(GN)^ vide Figo3 and 8) are found and therefore complexes 
of the type of Ti"^ ^ Fe-^ -^ CCIxOg.TiCl^  and 2 Ti^'^Fe^'^iCFOQ' 
K^Fe(GN)^ should be formed. These results not only go to show 
that both Ti(IV) and K^Fe(CN)g are adsorbed by the freshly 
precipitated complex but it is also found that the metal ion 
is more strongly adsorbed than the ferrocyanogen ion. This 
behaviour although confirms our earlier results on the adsorp-
tive capacity of titanic ferrocyanide are in variance with 
those of other workers for the metal complexes of alkali ferro-
cyanides. 
In the complex formation between TiGl., and K^Pe(GN)^ » 
O D D 
combining ratios (Ti!Fe(GN)g ~) such as 3J2, 3:1 and 2:3 
(vide Fig. 4,599 and 11) are found by the different methods 
employed. First two ratios again provide strong evidence for 
the adsorption of the metal ion by the freshly precipitated 
complex and also for the existence of the compounds having 
--65 -
the composition Ti-^ -^ -'-Fe-'--'--^ (CN)g. TiCl^ and Ti-'--'--'-Fe-^ -^ -"-(CN)g. 
2 Tini_. The last ratio viz- 253 •noints tovrards the forma-
tion of the complex 2 Ti-'-'^-^Fe-^"'••'• (CK)Q. K^FeiCU)^ \^ hich again 
appears to be an adsorption complex of titanous ferricyanide. 
The undial3'"sed titanic ferrocyanide sol obtained by 
mixing titanic cW-oride and potassium ferrocyanide in the 
ratio of 0.8911, when placed in a cataphoretic tube, shovred a 
movement of the dispersed phase towards the pss positive elec-
trode thereby showing that a negatively charged sol is obtained. 
Coagulating power of the different electrolytes were found to 
be J 
1. Cationic Series! 












0 . 0 0 1 5 
0 .016 
0 . 0 5 5 
0 . 0 7 0 
1 .5 
s e r i e s '> 
0 . 0 7 0 
0 . 4 0 0 
0 . 4 5 












I t is rather interest ing to note tha t both cations and anions 
exert a considerable influence on the coagulation of t i t a n i c 
ferrocyanide so l . 
C H R O M O T R G P I C A C I D C O M P L E X E S . 
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I_N_T_R-0_D;_U_C_T_I_0_W 
On mixing aqueous solutions of titanous chloride and 
chromotropic acid, an intense red colour develops which does 
not vanish by the addition of an acid or alkali. Aqueous 
solutions of chromotropic acid possess a yellow tint when 
concentrated but become colourless on dilution and tend to 
acquire a red tinge on long exposure to light. No work has 
been reported on the titanium (III) chloride-chromotropic acid 
compound whereas comparatively sufficient work has been done on 
titanium (IV) chloride-chromotropic acid interaction. Various 
investigators have studied the complexes formed between titanic 
56 
chloride aixi chromotropic acid. S. Ya. Schnaiderman reported 
the formation of a complex in the ratio of HI (Tisligand) in 
concentrated sulphuric acid; a complex in the ratio of 1J2 at 
a pH ranging between 3 arxi 4? and a complex in the ratio of i:y 
at pH = 7 - 8. According to him, if the complex at pH 3-4 is 
allowed to stand, the ratio i«2 is changed to 1:4. Sommer and 
55 Okac have reported the formation of several complexes such 
as TiR, TiR^, TiRg, Ti(0H)R3 and TiR^ where R stands for chro-
motropic acid. According to them the stepwise formation fef 
these complexes depends upon the concentration of the compo-
nents and the 3)H of the solution. A.K. Babko and O.I.Popova 
have asserted that the study of the absorption spectra and the 
relation of complex formation to pH manifest that at least two 
- 67 -
complexes are formed between titanic chloride and chromotropie 
acid - a red complex with Tisiigand ratio = H'^ in the pH range 
i-7; and a yellow complex with a ratio of U S . This statement 
is at variance with that of Shnaiderman who has reported the 
ratios i51» 1*2 and ±84. They have not confirmed the work of 
Sommer and Gkac. Because of this controversy the interaction 
of titanic chloride and chromotropie acid w^s studied under the 
usual conditions of colorimetric analysis. The titanium (III) 
chloride chromotropie acid complex was studied by spectrophoto-
metric methods - Job's method of continuous variation. Molar 
ratio method and slope ratio Method. The complexes of tita~ 
nium (III and IV) chloride with chromotropie acid in aqueous 
solution \^ ere crystallized and the crystals have been sent for 
chemical analysis. To the aqueous solutions of these complexes, 
acetone was added and the precipitates obtained in the two 
cases were analysed for titanium and chloride. 
ELX_P_E_R_I^M_E_iM_T_A„L 
Titanous and titanic chloride were prepared and standard-
ized as given in the experimental of chapter I. For preparing a 
standard solution of chromotropie acid ^^J^J^QPQ^SL^S ) , the 
requisite amount of it was weighed and dissolved in air free 
double distilled water. As solutions of chromotropie acid tend 
to acquire yellowish red tinge on exposure to light, the solu-
tions of titanous chloride are oxidised and hydrolysed on 
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ageing and the solutions of titanic chloride possess a strong 
tendency to hydrolyse, fresh solutions of these reagents were 
always prepared before use. The containers of chromotropic 
acid and titanous chloride vrere wrapped in black paper because 
more or less both are affected by light. Vosburgh and Cooper 
methods To ascertain the number of complexes formed between 
titanous chloride and chromotropic under usual conditions of 
colorimetric analysis and also to select the wave length most 
appropriate for the spectrophotometric studies, the optical 
densities of M/25UU titanous chloride and chromotropic acid of 
the same strength and also of their mixtures in the ratios 
±51, 1S2, J.S3, 2!i and 3Ji were determined at wave lengths 
ranging from 35u m/^to 65u m/^. These have been given in 
Table No.16 and Fig.No.13. Similarly the optical densities of 
M/i:iUuu Titanic chloride and chromotropic acid and of their 
mixtures were measured and have been given in Table No.27 and 
Fig.±7. Job's Methods The complexes of titanous and titanic 
chloride were studied in aqueous solution by the method of 
continuous variation. The titanous chloride-chromotropic acid 
complex was studied at i^ 350 and m/^440. M/3000, M/3500 and 
M/4UUU solutions of chromotropic and titanous chloride were 
used in four sets. For one such set M/3000 solutions of tita-
nous chloride and chromotropic acid were mixed in 11 test tubes 
which contained 1,2,3,4, 8,9 and 10 ml of chromotropic 
acid and 11,9,8, 4,3,2 and 1 ml of titanous chloride 
- 68 -
ageing and the solutions of titanic chloride possess a strong 
tendency to hydrolases fresh solutions of these reagents were 
always prepared before use. The containers of chromotropic 
acid and titanous chloride were wrapped in black paper because 
more or less both are affected by light. Vosburgh and Cooper 
method J To ascertain the number of complexes formed between 
titanous chloride and chromotropic under usual conditions of 
colorimetric analysis and also to select the wave length most 
appropriate for the spectrophotometric studies, the optical 
densities of M/25UU titanous chloride and chromotropic acid of 
the same strength and also of their mixtures in the ratios 
1«1, 1J2, JL!3, 2!i and 3*1 were determined at wave lengths 
ranging from 35u n^to 65<J m/^. These have been given in 
Table N0.JL6 and Fig.No.13. Similarly the optical densities of 
M/2UUU Titanic chloride and chromotropic acid and of their 
mixtures were measured and have been given in Table No.27 and 
Fig.17. Job's Method! The complexes of titanous and titanic 
chloride were studied in aqueous solution by the method of 
continuous variation. The titanous chloride-chromotropic acid 
complex was studied at m ^ 350 and m/^440. M/3000, M/3500 and 
M/40UU solutions of chromotropic and titanous chloride were 
used in four sets. For one such set M/3000 solutions of tita-
nous chloride and chromotropic acid were mixed in 11 test tubes 
which contained 1,2,3,4, 8,9 and 10 ml of chromotropic 
acid and 11,9,8, 4,3,2 and 1 ml of titanous chloride 
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respectively. In eleven test tubes the same volume of chro-
motropic acid was taken and total volume made 12 ml by adding 
the requisite amount of air free double distilled water as 
given in Table XVII. Since the titanous chloride solution at 
this dilution becomes colourless and its optical density is 
negligible* the optical densities of the solutions of tita-
nous chloride were not found out* The difference in the 
optical densities of mixtures of titanous chlbride and.chro-
motropic acid and those of the corresponding concentrations 
of chromotropic acid, was plotted against the volume of the 
two reagents and have been given in Tables No. 17, 18, IS and 2Si 
Jdu ard. in Fig. No. 14 ard i5. 
In the same way aqueous solutions of titanic chloride 
and chromotropic acid of strengths M/2000, M/kJ500, M/3000 and 
M/4UU0 were mixed and the optical densities determined at 
455 m/l* The titanic chloride and its solutions are eolour-. 
less and have negligible optical density. The results are 
given in Table No.28 and have been plotted, in Fig.No.18. 
/S"6 
Molar Ratio Method: In one set of molar ratio method, twelve 
test tubes were taken, each of which was filled with 2 ml of 
titanous chloride and varying Volumes of chromotropic acid 
viz., 0.5, l.u, 1.5 7, 8 and 9 ml. were added. The 
total volume was maintained at 12 ml by adding requisite 
volume of air free double distilled water. In 12 other test 
tubes the' same volume of chromotropic acid of the same 
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strength was taken and the volume made 12 ml as usmal. The 
optical densities were measured and the difference plotted 
against the volume of chromotropic acid. The res\ilts are 
given in Table No.21 and 22 and Fig.No.16. 
Slope Ratio Method? This method was applied in both tita-
nous and titanic chloride-chromotropic acid complexes. In 
one set of slope ratio method for titanous chloride-chromo-
tropic acid complex* twelve test tubes were taken each of 
which contained a constant volume viz. M ml of M/1500 tita-
nous chloride - and varying volumes viz. 0.5, 1.0, 1.5, 2.0, 
5:^ .5, 3 5.5 and 6.5 ml of M/1500 chromotropic acid 
were added. The volume was kept constant ie 12 ml by adding 
air free double distilled water. Again in 12 test tubes 4 ml 
of chromotropic acid and varying volumes of titanous chloride 
of the same strength were added and the volume was made 12 ml 
as given in Table No.23. The optical densities were measured 
ana plotted against the volume of the variable constituent. 
M/1500, M/20UU, M/25U0 and M/Suuu solutions of the two reagents 
were used for four such sets. The results are given in 
Tables No.23 and 24 and Fig.No.18. The ratio between the two 
reagents in the complex was found from the ratio of the slopes 
of the curves for the variable compounds. 
Ratio between titanium 7 tan of the angle of the curve when 
and chromotropic acid TiClg is variable 
~tan of the angle of the'curve when 
chromotropic acid is variable. 
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In the same way titanie chloride-chromotropic acid 
complex was studied. Here the constant volume of one reagent 
was 2 ml instead of 4 ml. The results are given in Tables 
No.k:9 and 30 and Fig. No.22. Voshurgh and Cooper Method at 
different pHs To ascertain the most suitable pH range for 
the formation of titanous chloride-chromotropic acid complex, 
it was studied in different pH buffers by Vosburgh and 
Cooper method. One ml of M/lou TiCl^ and 3 ml of M/iOO chro-
motropic acid were taken in 12 test tubes. 10 ml of buffer 
solutions of different pH were added to these test-tubes and 
their optical densities at clifferent wave lengths in the 
visible range were noted. These have been given in Table 
No.25 and plotted in Fig.No.19. In the case of titanic 
chloride-chromotropic acid compound, i ml and 2 ml of the 
two reagents respectively were mixed with 10 ml of bixffer 
mixture and the results are given in Table No.25 and Fig. 
No.20. 
Chemical Analysis« 20 ml of M/5 titanous chloride were mixed 
with 60 ml of M/5 chromotropic acid complex in a conical 
flask and 30 ml of H/5 titanic chloride were added to 60 ml. 
of M/5 chromotropic acid. The two flasks were kept in a 
vacuum desiccator over concentrated sulphuric acid for a 
period of four months when in the dry residue had appeared 
crystals. The crystals were powdered and washed with 98% 
alcohol and the dry products sent for analysis. These are 
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insoluble in alcohol but soluble in water whereas titanous 
and titanic chloride and chromotropic acid are soluble in 
ale ohol. 
To the mixture of M/5U titanous chloride and chro-
motropic acid in the ratio of 153, acetone was added when a 
small turbidity appeared, which was allowed to stand over-
night and centrifuged next day. The residue was several 
times washed with acetone, dried in a vacuum desiccator over 
concentrated sulphuric acid and chemically analysed for tita-
nium. Similarly the product obtained with titanic qhloride 
was analysed for titanium. These two samples have also been 
sent for chemical analysis. 
For the analysis of these two samples in this labora-
tory a weighed quantity (u.2 gra.) was taken in a platinum 
crucible and fused with potassium hydrogen sulphate (5 gms.) 
at a low flame in the beginning and later on at red heat. 
When the fused mass became colourless, the platinum crucible 
was dipped in pure dilute hydrochloric acid (200 nil) taken 
in a 500 ml beaker. The fused mass got dissolved-in about 
12 hours giving a clear solution and the titanium was preci-
pitated as hydroxide (vide Chapter I). 
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TABLE no . 16 










M/2500 S o l n . 
T a t i o of 
T i C l s & c h r o -
motopic a c i d . 
l : i 
2:1 , 














































































































Wave l e n g t h s a t which maximum absorbance occurs a re 
350 and 4 4 0 . ' p ^ * 
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T A B L E NO. 17 
J o b ' s Method. 
No. of 









1 0 . 





























0 . 2 9 
0 . 4 3 
0 . 9 5 




























































R a t i o betv;een TiCl^ and Chromotropic ac id i s 1:3. 
v ide Fif:. Ko. 14. 
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TYiDLiu i \ 0 . 1 3 












1 0 . 
1 1 . 
^ _^> j ^ i i O • 
O.D. 
f o r A. 
0 . 2 5 
0 . 4 9 











f o r 3 . 
0 . 0 8 2 
0 . 2 5 0 
0 . 3 2 5 
0 . 4 5 
0 . 9 0 
0 .46 
0 .46 
0 . 5 1 
0 . 5 5 
1-10 
l . i u 
Difference 
i n O.D. 
0 - 1 6 8 
0 . 2 6 0 
0 . 3 3 5 
0 . 4 2 0 
-
0 . 7 4 
0 . 7 4 5 
0 . 7 4 
0 . 7 4 
0 . 2 5 
0 . 2 5 
O.D. 
for A. 
0 . 2 4 
0 . 4 6 
0 . 6 0 
0 . 6 2 
0 . 9 7 5 






S o l n s . m/ 
O.D, 
f o r B . 
O.OSS 
0 . 4 S 5 
0 . 2 7 5 
0 . 3 5 0 
0 . 3 3 5 
0 . 4 1 5 
0 . 4 0 5 
0 - 5 4 0 
0 . 5 2 0 
0 . 8 2 0 
1 .00 
'4000 
D i f f e r e n c e 
i n O.D. 
0 . 1 5 2 
^ » 
0 . 3 2 5 
0 . 2 7 0 
0 . 6 4 0 
0 . 6 8 5 
0 . S 5 
0 . 8 1 
0 . 8 3 
0 . 5 3 
0 . 4 0 
Ratio between TiClr. and Chrornotropic acid 
i s 1:3 vide F ig . Ko. l4 . 
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TABLK KO. 19 
J o b ' s m e t h o d . Xmax. 360iryy^ 












1 0 . 
1 1 . 
O . J . 
f o r A. 
0 -52 
0 . 5 8 
0 . 5 5 
0 . 9 0 








f o r B . 
0 . 0 9 
0 . 2 8 
0 . 3 5 
0 . 4 1 5 
0 . 4 5 0 
0 . 4 7 
0 . 5 4 2 
0 . 5 8 0 
U.580 
0 . 6 4 0 
0 . 7 0 0 
D i f f e r e n c G 
i n O.U. 
0 . 2 3 
0 . 3 0 
U.£o 
0 . 4 8 5 
0 . 5 3 0 
0 . 6 3 
0 . 6 5 8 
0 . 6 2 0 
0 . 6 7 0 
0 . 6 6 0 
0 . 6 0 0 







































Ratio between TiCl^ and ChromotroDic acid i s 
i ; 3 vide Fig . Ko. l4 . 
J^-"' 
, ^ ' 
















•' ,-1 -' 
TABLE i'iO. 20 
J o b ' s me thod . Amax. 4 4 u > > y ^ 
S o l n s - H/3000 S o l n s . M / 3 5 0 0 
Tube C.ij. O.D. 
KG- for A, For B. 
Difference 
in Q.Li, 
0>D. O.L). Difference 










1 0 . 
1 1 . 
0 . 0 7 8 
0 . 1 3 9 
0 . 1 9 0 
0 . 2 5 4 
0 . 2 9 0 
0 . 4 0 0 
0 . 4 4 5 
0 . 3 5 0 
0 . 5 6 0 
0 .6U5 
0 . 5 o 0 
0 . 0 2 0 
0 -075 
0 . 0 7 8 
0*080 
0 . 2 8 5 
0 . 0 9 0 
0 . 1 1 0 
0 . 1 3 0 
0 . 1 7 5 
0 -435 
0 . 4 4 5 
0 . 0 5 8 
0 -064 
0 . 1 1 2 
0 . 1 7 4 
0 . 3 1 0 
0 . 3 3 5 
0 . 2 2 0 
0 . 3 8 5 
0 . 1 7 0 
0 . 1 1 5 
0 . 0 7 5 
0 . 1 2 0 
0 . 1 8 8 
0*21b 
0 . 3 0 5 
0 . 3 3 8 
0 . 4 0 5 
0 . 4 9 0 
0 . 5 5 2 
0 . 5 8 0 
0 . 6 0 
0.280 
0 . 1 4 0 
0 . 0 6 5 
0 . 0 7 0 
0 . 0 7 9 
0 - 0 8 0 
0 . 0 8 4 
0 . 1 3 0 
0 - 1 4 1 
0 . 1 8 0 
0 . 4 4 
0 - 1 2 3 
0 . 1 4 5 
0 .226 
0 . 2 5 8 
0 - 3 2 1 
0 -360 
0 . 4 1 1 
0 . 4 0 0 
0 . 2 2 0 
1* <-! 
Ratio between TiCln and Chromotropic acid is 
vide Fig. Ko.15. 
• ' < - < • ; - ! „ . : - • ^ ; / /-C^Ci/^.V*K^C^j'*»^ L'-f) — C^^.-y-Jp,-, ^ - ? - ^ - - ^ , - ^ , ''^ .>o) 
:x 
: i -
.-. - .^  
y A 
/ 
' . ' • . . - . 
• • -'. 





C'' , , M 
/ 
/ 
. - - ^ v 
ft 
^ • ^ 
••a...:i:rtT 
. ' £ ; 
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TABLE NO o 1 
Molar R a t i o Method /^max. 440V>y<^SolnG. M/1500 
Tut)e TiCl^-hCT Acid+VJater C D . CT Acid+V/ater 











1 0 . 
1 1 * 


























i . Q 
1 . 5 
2 . U 
2 . 5 
4 , 0 
5 .U 
6.U 
7 . U 
S.U 













9 . 0 
S . 5 
8 . 0 
7 . 5 
7 . 0 
6 . 0 
5 . 0 
4 , 0 
3 - 0 
2 . 0 
1 . 0 
0 . 0 8 
0 . 2 0 0 
0 . 3 9 0 
0 . 6 0 0 
0 . 6 8 0 
0 . 7 5 0 






0 * 5 
1 . 0 
1 . 5 
2 . 0 
£ 1 . . t> 
3 . 0 
4 . 0 
5 . 0 
6 . 0 
7 . 0 
S . O 













1 1 . 5 
1 1 . 0 
1 0 . 5 
1 0 . 0 
9 . 5 
9 . 0 
8 . 0 
7 . 0 
6 . 0 
5 . 0 
4 . 0 
3 . 0 
0 . 0 0 5 
0 . 0 0 5 
0 . 0 5 0 
0 . 0 1 0 
0 . 0 3 0 
0 , 0 3 5 
0 . 0 5 0 
0 . 0 1 0 
0 , 0 4 
0 . 0 4 
0 . 0 4 
— 
C D , o f 
complex 
n l o t t e d 
a s t h e C D 
ot t h e 
r e a p e n t 
was n e g l i -
??ibly 
s m a l l . 
Ratio between TiClo and Ghromotropic acid i s 
i : 3 vide F i^ . No.16. 
/ 
•j^—'fcy\i'x^ -'(y-O-^-d' /•-'/'V:^/X*'x-it- { "'•'•' tI.*:i.-.-fv-'.-<^J^»'"a;»^>-«.-^ -. .^ 'i--!;-*-.*'-., C.r^-.^.i-Cr^'ji^)] 
I- • 
n. .1 
/ • 6 
/ • I-
. /^ / . • W . 
/ 
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TABLK i\'0. 22 
Molar R a t i o Method Xmax. 440>^^ 
/ 
Tube TiClo-i- CT AGid+ water O-D. TiCl,^ + CT Acid+ water 0-D 









1 0 , 
1 1 . 





























5 . 5 
6 . 0 
6 . 5 
7 . U 
3 . 0 
9 . 0 


















4 . 5 
4 . 0 
3 . 5 
3 . 0 
2 . 0 
i . O 
0 . 0 
0 . 1 5 5 
0 . 3 2 0 
0 . 4 1 0 
0 . 5 4 0 
0 . 5 6 0 
-
0 . 6 9 0 
-
0 . 7 2 5 



























0 . 5 
1 . 0 
1 . 5 
2 . 0 
2 . 5 
3 . 0 
4 . 0 
5 . 0 
6 . 0 
7 . 0 
8 . 0 













9 . 5 
9 . 0 
8 . 5 
8 . 0 
7 . 5 
7 . 0 
6 . 0 
5 . 0 
4 . 0 
3 . 0 
2 . 0 
1 , 0 
0 . 0 6 
0 . 1 2 5 
0 . 1 7 0 
0 . 2 6 7 
0 . 3 1 0 
0 . 4 2 0 
0 . 5 7 0 
0 . 6 1 0 
0 . 7 4 0 
0 . 7 8 0 
0 . 7 9 0 
— 
1:3 
Ratio between TiCl^ and Chromotrooic acid is 
vide Fi£^.Ko.l7. 
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TABLE l-'JC* 23 
S l o p e R a t i o Method \max, 4 4 0 V v ^ o l n s . M / 1 5 0 0 
No•of C o n s t . v o l . o f 
t u b e . one r e a g e n t 
V a r i a b l e V n 1 . o f 
V o l . of v ; a t c r . 
tliG o t h e r 
reagent* 
0 •!>.vhen 0 .D.vhen CT 
TiCl^ i3 Acid, is kept 





























































Ratio between TiCl.-, and ChromotroDic acid i s 
1:3, vide FiK* No.18-
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TAbLr- W. 24 
Slope R a t i o Method. >siriax» 4 4 0 t * v ^ 
M/2000 s o l n s . M/2500 s o l n . M/3000 s o l n . 
No- O.D.v;hon O.D.when 
v o l . of v o l . of 
TiCl3 GT Acid 
c o n s t . c o n s t . 
O.D.when O.D.when O.u.when o-D-when 
v o l . o f v o l . o f v o l . o f v o l - o f 
TiCl-: CT ac id TiCl^ CT a^ i^ 










1 0 . 
1 1 . 
1 2 . 
0 . 0 3 2 
0 . 0 7 9 
O . l l o 
U.130 
0 . 1 7 4 
0 . 2 0 8 
0 . 2 5 0 
0 . 2 S 7 
0 . 3 0 0 
0 . 3 5 6 
0 . 3 9 0 
0 . 4 5 6 
0 . 0 9 2 
0 . 1 4 8 
0 . 1 4 8 
0 . 1 7 S 
0 . 2 1 0 
0 . 2 2 0 
0 . 2 6 0 
0 . 2 6 8 
0 . 2 7 0 
0 . 2 7 5 
0 . 2 8 7 
0 . 3 1 6 
0 . 0 5 5 
0 . 0 7 5 
0 . 0 7 8 
O.09S 
0 . 1 1 8 
0 . 1 3 5 
0 . 1 6 0 
0 . 1 8 5 
0 . 2 2 0 
0 . 2 4 2 
0 . 2 6 5 
0 . 3 2 5 
0 . 0 8 2 
0 . 1 1 5 
0 . 1 1 8 
0 . 1 4 8 
0 . 1 5 0 
0 . 1 4 0 
0 . 1 7 0 
0 . 1 8 0 
0 - 1 9 5 
0 . 1 9 5 
0 . 2 1 0 
0 . 2 2 0 
0 . 0 2 0 
0 . 0 4 7 
0 . 0 5 2 
0 . 0 6 8 
0 . 0 8 0 
0 . 0 9 1 
0 . 1 2 4 
0 . 1 3 2 
0 . 1 5 0 
0 . 1 6 0 
0 . 1 9 0 
0 . 2 1 5 
0 . 0 5 5 
0 . 0 9 0 
o.oss 
0 . 0 9 8 
O.LOO 
O.LOO 
0 . 1 3 0 
o.:3o 




R a t i o between TiCl^ and Chroraotropic a c i d i s 
l ! 3 , v ide F i g . No. 1 8 . 
/ T .^C/ - / \ • 
l./l 












8 / ^ y 
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TAcLE uO.25 
No. V o l . o f V o l . o f 10 na 
of M/lOO + M/lOO + b u f f e r 










1 0 . 
1 1 . 
12* 
. T i C l ^ 
1 m l . 
CT a c i d of nH 
3 n a . 2 . 3 
" 3 . 0 
" 4 , 2 
'• 5 . 0 
" 6 . 0 
" 6 . 4 
" 7 . 1 
" 7 . 5 
" 7 . 9 5 
'• 8 . 5 5 
" 9 . 1 0 
•* 1 0 . 1 2 













3 6 0 
0 . 3 4 
0 . 4 0 
0 . 4 9 
0 . 5 7 
0 . 6 0 
0 . 6 1 
0 . 6 2 
0 . 6 2 
0 . 6 2 
0 . 5 0 
0 . 6 4 
0 . 7 5 
3 7 0 
0 . 1 1 5 
0 . 1 5 
0 . 1 4 5 
0 . 1 7 
0 . 1 9 
0 . 1 S 5 
0 . 2 0 
0 . 1 9 5 
0 - 1 8 3 
0 . 1 8 3 
0 . 1 7 3 
0 . 1 7 0 
3 8 0 
0 . 0 9 5 
0 . 1 1 0 
0 . 0 7 
0 . 0 9 
0 . 1 0 
0 . 0 9 5 
0 . 0 8 8 
0 . 0 9 5 
0 . 1 0 5 
0 . 0 S 8 
0 . 1 0 5 
0 . 0 8 
3 9 0 
0 . 1 1 
0 . 1 3 
0 . 0 6 5 
0 . 0 8 5 
0 . 0 9 0 
0 . 0 8 0 
0 . 0 9 0 
0 . 0 8 8 
0 . 1 0 
0 . 0 9 
0 . 0 8 8 
0 . 1 2 0 
vide F ip .Ko . l9 . 
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1 0 . 
1 1 . 
1 2 . 
1 , 








1 0 . 
1 1 . 
1 2 . 
0 . 1 0 5 
0 . 1 2 0 
0 .076 
0 . 0 8 8 
0 . 0 9 8 
0 . 0 9 8 





0 . 1 0 5 
480 
0 . 0 7 0 
0 . 1 0 0 
0 . 0 7 0 
0 . 0 3 0 
0 . 0 8 0 
0 . 0 7 0 
0 . 0 7 5 
0 . 0 6 5 
0 . 0 5 0 
0 . 0 7 0 
0 . 1 8 0 
0 . 1 8 0 
0 . 1 3 0 
0 . 1 5 0 
0 . 1 0 8 
0 . 1 1 5 
0 . 1 0 5 
0 . 1 0 5 
0 . 1 1 5 
0 . 0 9 5 
0 . 1 3 0 
0 . 0 9 8 
0 . 1 0 5 
0 . 1 3 5 
490 
0 . 0 4 0 
0 . 0 7 5 
0 .U55 
0 . 0 4 0 
0 . 0 6 8 
0 . 0 4 0 
0 . 1 0 0 
0 . 0 9 0 
0 . 0 3 5 
0 . 0 5 0 
0 . 2 1 0 
0 . 2 5 0 
0 . 1 3 0 
0 . 1 6 0 
0 . 1 2 0 
U . l l O 
O . l l u 
0 . 0 9 5 
0 . 1 0 0 
0 . 1 0 5 
0 . 1 1 5 
U.U90 
0 . 0 8 0 
0 . 1 1 6 
5 0 0 
0 . 0 2 0 
0 . 0 6 0 
0 . 0 3 5 
0 . 1 4 5 
0 . 1 6 0 
0 . 1 3 5 
0 . 1 2 0 
0 . 1 3 0 
0 . 1 1 0 
0 . 1 2 5 
0 . 1 2 0 
0 . 1 3 0 
O.lUO 
0.11^0 
0 , 1 6 0 
5 2 5 
0 . 0 1 0 
0 . 0 1 0 
O.OlO 
0 . 0 3 0 O.OlO 
0 . 0 5 8 
0 . 0 6 0 
0 . 0 9 8 
0 . 1 0 0 
0 . 1 0 0 
0 . 1 5 0 
0 . 1 5 0 
0 . 1 7 0 
0 . 0 4 0 
0 . 0 3 5 
0 . 0 8 8 
0 . 0 5 0 
0 . 0 4 5 
0 . 1 0 0 
0 . 2 2 0 
0 . 2 9 0 
0 . 1 2 5 
0 . 1 0 0 
0 . 1 0 0 
0 . 1 0 0 
0 . 1 1 0 
0 . 0 9 0 
0 . 1 0 0 
0 . 0 9 5 
0 . 1 2 0 
0 . 0 8 5 
0 . 0 8 5 
0 . 1 2 5 
5 3 0 
0 . 0 8 
0 .16 
0 . 3 0 
0 . 1 0 0 
0 . 0 6 5 
0 . 0 9 5 
0 . 0 8 8 
0 . 0 7 5 
0 . 0 8 0 
0 . 1 2 0 
0 . 1 0 0 
0 . 1 1 5 
0 . 1 1 0 
0 . 1 2 0 
0 . 0 8 8 
5 3 5 
0 . 0 8 0 
0 . 1 8 5 
0 . 1 9 0 
0 . 0 9 0 
0 . 1 1 5 
0 . 0 9 0 
0 . 0 7 d 
0 . 0 9 5 
0 . 0 9 5 
0 . 0 7 6 
0 . 1 1 € 
0 . 0 9 0 
0 . 1 1 0 
0 . 1 5 0 
0 . 1 4 0 
545 5€0 
0 . 1 1 0 0 . 1 1 5 
0 . 2 0 5 0 . 1 6 5 
0 . 2 6 0 0 . 1 7 0 
\^'^}c4u^ X - ^,v.w^^/. C^&'/'^A^'^ A - / - ? : - -U ^-LX' 'i^'X/.-i^.^r.,.':t" ,-i 
„ . . „ t— 
. - • i ' ^ ^ - ' ^:*?i-.-^-%»-^-^N.*-^:.--.-«. .r^ .^ .^ - .-^"-^'>-y=i-^.:r'..;i. 
' \ 
/ • ;? 
J O • V' 
<s^  (Ve; 
^ . ? ^ . ; . 




:> ;- ^ » 
/ • n 
^ v - . 




4 7 ^ !)M' 
L. £ ,^ .' r^  7" /-/ 
5 5 - 0 ^ - y , -
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Table Ko.26 
Analysis of Ti tanous Chromotropic acid Chelate 
The % age of t i tanium was found to be 25.2:^ 
The fo l lo \nng formula may be su^f^ested. 
OW OH 
11} 
Soj/ UCo^) - '^i'^ Cc>-»-\) 
The % are of titanium calculated from the above 
formula is 24.^. 
- 84 -
VQSBURGH CUOPii-R MUIHQL) 
( T i C l ^ - Ghromo"tropic a c i d c o m p l e x ) 












































































































































































T a b l e No .27 C o n t d . 
410 415 420 430 4 3 5 4 4 0 4 4 5 4 5 0 
1 0 . 0 2 0 . 0 3 0 - 0 2 0 . 1 0 5 0 . 0 2 0 . 0 2 0 . 1 1 5 0 . 1 2 
2 0 . 0 1 5 0 . 0 2 6 0 . 0 1 5 0 . 0 1 0 0 . 0 9 0 . 1 2 0 . 1 0 0 . 1 1 
3 0 . 0 2 0 0 . 0 2 5 0 . 0 1 0 0 . 0 2 0 O.Ol 0 . 1 1 5 0 . 1 1 0 . 1 2 
4 0 . 4 6 0 . 5 2 0 . 5 0 0 0 . 5 4 0 0 . 5 S 0 . 6 4 0 0 . 6 6 0 . 5 0 
5 0 . 7 9 0 . 8 5 0 . 8 2 5 0 . P 5 0 1 .00 0 . 1 0 0 1 .20 1 .30 
6 0 . 9 0 1 .00 1 .005 1 .20 1 .23 1 .230 1 .60 1 .60 
7 0 . 5 6 0 - 5 8 0 . 5 5 0 0 . 5 8 0 0 . 5 8 O.GOO 0 . 6 0 0 . 6 1 
8 0 . 1 2 0»155 0 . 2 1 0 0 . 1 7 0 0 . 1 5 5 0 . 2 5 0 0 . 2 1 0 . 2 4 
4 5 5 ^±60 4 6 5 4 7 5 4 8 5 4 9 5 
1 0 . 0 9 0 . 0 2 0 . 1 1 0 0 . 0 3 0 . 0 1 5 0 . 0 2 
2 0 . 1 2 0 . 0 5 0 . 1 0 0 0 . 0 2 0 . 0 3 5 0 . 0 2 
3 0 . 0 6 0 . 0 3 0 . 0 0 0 . 0 2 0 . 0 3 0 O.Ol 
4 0 .66 0 . 6 0 0 . 6 0 0 . 5 1 0 . 5 4 0 0 . 4 4 
6 1 .30 1 .15 1 .15 1 .100 1 .100 0 . 9 1 
6 1.6 5 1 .50 1 .50 1 .45 1 .50 1 .20 
7 0 . 6 1 0 0 . 5 3 0 . 5 5 0 . 4 8 0 . 5 3 0 . 4 6 
8 0 . 2 5 0 . 1 7 0 . 2 3 0 . 0 5 0 . 2 3 0 . 0 8 
The maximum ab.-^orbance i s a t 4 5 5 m/X-
Vide F i - . K o . 2 0 
500 
0 . 0 1 5 
0 . 0 1 0 
0 , 0 0 5 
0 . 4 4 0 
0 . 9 1 0 
1 .20 
0 . 4 2 
0 . 1 0 
£25 
0 . 0 1 
0 . 0 1 
0 . 0 0 5 
0 . 3 8 
0 . 7 4 
0 . 9 0 
0 . 3 7 
0 . 0 8 
I ' . 
"^'( '^ 
/ / ^ . / ' - ' -"^ • • • ' -




C ' ^t 
6-0 
^kc 
y / "••• ' 



















"'^ ^^ - .:^-





/ -K /^ •^ 
iJ :^' 
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T a b l e Ko .28 
vr.-i /^T'> v^T -^p Q-O-when O.J .when O . D . v h e n G.D.when 
,be Ko. J!°^* ^ ' rr? A.?H M/2000 M / 2 5 0 0 M / 3 0 0 0 H/40U0 
i x u i ^ ^i ACia s o l u F . SolTXS. S o l u s . S o l u s . 
mixed mixed mixed mixed 
1 1 ml 11 rnl 0 . 0 8 0 0 . 0 3 1 0 . 0 3 9 0 . 0 1 5 
2 2 1 0 0 . 9 4 0 0 - 1 0 6 0 . 0 7 7 0 ,016 
3 3 9 0 . 5 0 0 0 . 1 5 5 0 . 1 0 0 0 . 1 0 
4 4 8 0 . 4 9 0 0 . 2 5 2 0 . 1 7 0 0 . 1 3 
5 5 7 0 . 5 6 0 0 . 3 9 8 0 . 2 4 0 0 . 1 2 
6 6 6 0 . 6 1 0 0 . 4 8 0 0 . 2 7 5 0 . 1 5 5 
7 7 5 . 0 . 7 6 0 U.610 0 . 3 1 0 0 . 1 9 5 
8 8 4 0 . 8 7 5 0 . 6 6 0 0 . 3 2 0 G.235 
9 9 3 0 . 8 5 0 0 . 6 3 0 0 . 2 8 8 0 . 2 8 0 
10 10 2 - 0 .4G5 0 . 2 5 0 0 . 2 4 0 
11 11 1 0 - 5 7 0 0 . 2 8 0 0 . 1 5 5 0 . 2 0 0 
Ratio between TiCl^ and ohromotronic^ and is 1:2 
Vide Fir. Ko.::i 
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T a b l e Wo.29 
SLOPE RATIO I-il^ THOD 
M/2000 s o l - n s . 
Tube ^o* C o n s t . V o l . V a r i a b l e V o l . o f C D . O . u . 
of one V o l . 01? w a t e r , vrhen vhen 
r e a p - e n t . t h e o t h e r TiCl.-i C . T . 
reafent* c o n s t - Ac id 
c o n s t . 
M/S500 s o l - n s . 
0 .D . 0 .D . 
X'/hen v^en 
T i C l C . T . 
c o i i s t - A c i d 



































0 . 5 
l . Q 
1 . 5 
2 . 0 
2 . 5 
3 . 0 
4 . 0 
5 . 0 
^.Q 
7 . 8 
8 . 0 
9 . 0 
9 . 5 
9 . 0 
B . 5 
d . O 
7 . 5 
7 . 0 
5 . 0 
5 . 0 
4 . 0 
3 - 0 
2 . 0 
1 . 0 
0 . 0 4 0 
0 . 0 7 0 
O.Obb.. 
0.U95 
0 . 1 0 8 
O.120 
0 . 2 1 
-
0 . 4 0 0 
0 . 5 1 5 
0 . 7 2 0 
0 . 8 6 0 
0 . 0 7 5 
0 . 0 7 2 
0 . 0 7 9 
0 .106 
0 . 1 3 0 
0 . 1 4 0 
0 . 1 9 6 
0 . 2 7 0 
0 . 3 0 4 
0 . 2 0 5 
-
0 . 0 5 
0 . 0 2 8 
0 . 0 6 2 
0.0G8 
0 . 0 9 2 
0 . 1 2 5 
0 . 1 7 0 
0 - 2 6 5 
0 . 3 3 0 
0 - 4 1 0 
0 . 4 2 1 
0 . 5 0 0 
0 . 5 2 0 
0 - 0 4 5 
0 .076 
0 .u76 
0 . 0 8 2 
0 .086 
0 . 1 0 5 
0 . 1 0 5 
0 . 0 8 2 
O.OSO 
0 . 0 7 2 
0 -078 
0 . 0 7 0 
R a t i o b e t w en T iCl^ and chroniotroriic ac id i s l ! 2 
Vide Fi.r^. i^o.22 
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T a b l e K o . 3 0 . 
M/3000 s o l n s . H /4000 s o l n ; M/4500 s o l n s 
Tube 0.!>. v.'hen 0 . 0 . when 0.-!-'. when 0 .B . when 0 .D . wheii C .D . when 
CT Acid T i C l 4 CT Acid 
c o l i s t , c onr^ t . c o n s t . 
No. T i C l . c o r i s t . CT Acid '^^^^a 













0 . 0 2 5 
0 . 0 3 8 
0 , 0 3 2 
0 . 0 8 0 
0 . 0 8 2 
0 . 0 9 5 
0 . 1 3 0 
0 . 1 7 0 
0 . 1 5 3 
0 . 1 9 8 
0 . 2 2 5 
0 .256 
0 . 0 o 3 
0 . 0 3 5 
0 . 0 3 3 
0 . 0 4 2 
0 . 0 6 0 
0 . 0 6 0 
0 . 0 6 8 
0 . 0 7 0 
0 . 0 4 5 
0 . 0 4 0 
0 . 0 2 8 
0 . 0 5 5 
0 . 0 1 0 
0 . 0 2 2 
0 . 0 2 2 
0 . 0 3 8 
0 .036 
0 . 0 5 8 
0 . 0 8 7 
0 . 1 5 3 
0 . 2 3 0 
0 . 2 7 0 
0 .286 




0 . 0 2 8 
0 . 0 3 8 
0 . 0 4 2 
0 . 0 5 0 
0 . 0 5 2 
0 . 0 6 8 
0 . 0 6 5 
0 . 0 3 0 
0 . 0 1 
0 . 0 1 5 
0 . 0 2 8 
0 . 0 3 2 
0 . 0 3 2 
0 . 0 4 7 
0 . 0 6 2 
0 . 0 9 5 
O.IGO 
0 . 1 9 7 
0 . 2 2 8 
0 . 2 2 0 
0 - 0 1 2 
0 . 0 1 8 
0 . 0 3 0 
0 . 0 3 8 
0 . 0 2 8 
0 . 0 3 2 
0 . 0 4 0 
0 . 0 4 5 
0 . 0 5 8 
0 . 0 5 8 
0 . 0 3 0 
0 . 0 5 0 
R a t i o b e t w e e n TiCl^j and ChrornotroT?ic a c i d i s 1!2> 
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E f f e c t of T5H on Ti tan ium ( i v ) chromctroDic a c i d coniT^lex. 
M/400 ,^oln.9. O p t i c a l D e n s i t i e s o.t V/ave Lenpj^h: 









V o l . o f 
T i C l ^ 
I n l 
+ V o l , o f + 








Sua b u f f e r 
o f pH. 
3 . 0 
5 . 0 
6 . 0 
7 . 1 
7 . 9 5 
9 . 1 
1 1 . 5 0 
3 7 0 
0 . 8 5 
0 . 9 0 
0 . 9 5 
0 . 9 3 
0 . 9 0 
0 . 9 0 
0 . 8 5 
3 9 0 
0 . 7 7 
0 . 8 0 
0 . 9 
0 . S 5 
0 . 8 1 
0 . 8 0 
0 . 7 8 
4 1 0 
0 , 5 3 
0 . 5 8 
0 . 6 8 
0 . 6 1 
0 . 5 9 
0 . 5 8 
0 . 5 4 
1 ' 
430 
0 . 5 1 
0 . 5 6 
0 . 6 1 
0 . 5 8 
0 . 5 7 
0 . 5 6 








4 5 0 
0 . 4 0 
0 . 4 7 
0 . 5 0 
0 . 4 8 
0 . 4 6 
0 . 4 5 
0 . 4 3 
4 5 5 
0 . 4 6 
0 - 5 5 
0 .59 
0 ,56 
0 . 5 3 
0 . 4 4 
0 . 4 1 
4 6 0 
0 . 3 6 
0 . 4 8 
0 . 5 2 
0 . 4 9 
0 . 4 6 
0 , 4 0 
0 , 3 8 
480 
0 . 3 6 
0 . 4 0 
0 . 4 8 
0 . 4 5 
0 . 4 1 
0 . 3 9 
0 . 3 7 
5 0 0 
0 . 3 1 
0 . 3 5 
0 . 4 1 
0 . 3 8 
0 . 3 6 
0 . 3 4 
0 . 3 2 
5 2 0 
0 . 2 7 
0 . 3 1 
0 . 3 5 
0 . 3 4 
0 . 3 2 
0 . 3 0 
0 . 2 8 
5 4 0 
0 . 2 3 
0 . 3 0 
0 . 3 2 
0 . 3 0 
0 . 2 7 
0 . 2 6 
0 . 2 4 
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Analysis of Titanium ( i v ) Chromotropic acid Complex, 
Sample I 
Weight of Platinum cruc ib le =19.1502 gm, 
W e i ^ t of Platinum cruc ib le with complex=19.3502 gm. 
W e i ^ t of complex .^  = 0<.2000 gra. 
Weight of S i l i c a c ruc ib le =20.8320 // 
W e i ^ t of S i l i c a c ruc ib le + TiOg =20.95716 '•' 
V/eight of TiO, = 0ol2516 // 
Sample I I 
W e i ^ t of Platinum cruc ib le 
W e i ^ t of Platinum cruc ib le + complex 
W e i ^ t of complex 
W e i ^ t of S i l i c a c ruc ib le 
Weight of S i l i c a c ruc ib le + TiOg 
Weight of TiOg 
% age of t i tanium 
=19o1503 gm. 
=19o3503 gra. 
= 0o2000 gm. 
=20.5682 " • 
=20.6945 " 
= 0.1263 '^ 
=37.89% 
No stffiucture could be concfeiived. 
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D_I_S_C_U_S_S_I_0_N 
Vosburgh and Cooper method in the case of Titanium (iii) 
chromotropic acid shows maximum absorbance at 350m/^but another 
maxima is observed at 44:0ra//, The complex was therefore studied 
at both these wavelengths. In Job's method of continuous vari-
ations, the molar ratio of U S between the metal salt and ligand 
was observed. This was substantiated by the results of slope 
ratio and molar ratio methods. The ratio of li3 is definitely 
Droved by these methods but no structure is being suggested 
here because the crystals of the soluble complex have been sent 
for chemical analysis and the results have not yet been received. 
The study of the effect of pH on this complex revealed that no 
displacement of the absorption maxima occurs by varying the 
pH of the medium. ,It may be concluded that when the reagents 
are present in the right proportions (isss: Ti . Chromotropic 
acid), only one complex (i:3 ratio as above ) is preferentially 
formed whatever be the pH. 
The solid product obtained by adding acetone to a 
mixture of Titanium (iii) chloride and Chromotropic acid was 
analysed for Titanium only. The compound can be considered to 
be an absorption complexdand the formula which can be suggested 
on this meagre information may be* 
- 92 -
The maximum absorption for Titanium (iv) chloride 
Ghromotropic aeid complex occurs at 455m^ '^ . The study of the 
complex by Job's method gave a molar ratio of 1:2 (TiCl^J Chro-
motroDic acid). Molar ratio and slope ratio methods confirmed this 
ratio. Since the Titanium (iv) chloride (B.D.H. 15% w/v soln.-
containing 15% HGl) alvrays contains some hydrochloric acid to 
check hydrolysis, the pH of the solutions was in the acidic 
range and it is probable that the two OH groups of the chromo-
tropic acid do not ionize. The two SOo Na groups ionize giving 
an ion possessing two negative charges. The complex may be a 
simple salt having the structure. 
From the study of the impact of pH on this complex, 
it has been found that this complex may exist between pH3 and 
8 only. This confirms the work of S.Ya. Shnaiderman (See General 
Introduction) ^ r^ho has also suggested the formation of a complex 
in the ratio of 1S2 at pH 3-4 and 7-8. 
The solid complex isolated by the addition of acetone 
to a mixture of Titanium (iv) chloride and Ghromotropic acid, 
was chemically analysed for titanium only. No chlorine could be 
detected in this complex. The % age of titanium found in the 
solid complex could not be helpful in suggesting the structure 
of the complex. However the sample has been sent for complete 
chemical- analysis. 
C A G O T H E L I K E C O M P L E X E S . 
(93) 
I_N_T_R_0_D_U_C_T_I_0_N 
A review of chemical literature shows that very 
meagre work has been done on complex formation with Cacotheline 
The reagent was initially used in the qualitative test of tin 
but later on it; was used as indicator in complexometric 
titration and also in the colorimetric determination of certain 
compounds. It has been earlier stated that titanous chloride 
produces a violet coltiur with cacotheline but the compound 
formed has never been studied. It was therefore thought 
worthwhile to study the complex by spectrophotometric method. 
Vosburgh and Cooper method v;as employed to ascertain the 
number of complexes formed between titanous chloride and 
cacotheline and to select the wave length most suited and 
most sensitive for the particular coloured compound under 
investigation. The compound was studied using Job's method 
of continuous variations, molar ratio method and slope ratio 
method. The effect of pH on the composition of the complex 
was also investigated using Vosburgh and Cooper method. The 
product isolated by adding acetone to a mixture of the two 




lOgm. of pure titanium metal sponge (Spec.pure, 
Johnson, Mathey and Co.) was dissolved in 250ml of 12.£^ 
titanous chloride solution (B.D.H.) by passing pure dry 
(94) 
hydrogen chloride, then v/arming on a water bath to initiate 
the reaction between the metal and the acid and repeating 
the two processes till the whole of titanium dissolved. The 
solution was cooled in freezing mixture and saturated with 
hydrogen chloride when violet crystals of TiCl„e6HpO 
separated. The mother liquor decanted off) the crystals 
pressed between filter papers and completely dried in a 
vacuum desiccator over concentrated sulphuric acid. A 
suitable quantity of solid Titanium (iii) chloride was 
dissolved in air free double distilled water, filtered 
through a flueted filter paper and kept stored under a layer oi 
kerosine oil. The solution was standardized by indirect 
permanganate titration. As Titanium (iii) chloride gets 
easily hydrolysed and undergoes atmospheric oxidation, fresh 
solutions were prepared before use and kept covered with a 
layer of kerosine oil. 
0.122gm. of cacotheline (E.Merck) was dissolved 
in 250ml of air free double distilled v/ater to obtain M/lOO 
solution. It was stored in a well stopered! flask wrapped 
with black papere 
"\?osburgh and Cooper Methods The method was applied 
inorder to know the number of complexes formed and to select 
the wave length of maximum absorption. The optical densities 
of M/1000 solutions of titanous chloride and cacotheline and 
their mixtures (molar ratio U l , 1*2, 1*3, 2*1 and 3:i) 
(95) 
were measured by Bosch and Lomb s p e c t r o n i c - 2 0 a t wave l e n g t h s 
r a n g i n g between 350m/^4nd 600m^. The va lues have been g iven 
i n Tab le No.33 and p l o t t e d i n F i g . N o . 2 4 . Only one maximum 
was r e a l i z e d showing t h e r e b y t h e e x i s t e n c e of one complex. 
J o b ' s Methods The s o l u t i o n s of t h e tv;o r e a g e n t s 
( s t r e n g t h M/4000, M/4500 and M/5000> were mixed f o r t h r e e 
s e t s . Mixtures were p repared as~ f o l l o w s . 
1 ) 1ml, 2ml, 3ml, 10ml, 11ml of M/4000 TiCl 
mixed wi th 11ml, 10ml, 9ral 2ml, 1ml of M/4000 
C a c o t h e l i n e r e s p e c t i v e l y * 
2) 1ml, 2ml, 3ml - — 1 0 m l , 11ml of M/4000 
c a c o t h e l i n e mixed with 11ml, lOml, 9ral 2ml and 1ml of 
water r e s p e c t i v e l y . The d i f f e r e n c e i n o p t i c a l d e n s i t y was ploi 
- t ed a g a i n s t t he volume of one s u b s t a n c e . The a c t u a l volumes , 
mixed a re g iven i n Tab le No.34. Same volumes were mixed f o r 
I I and I I I s e t s and t h e o p t i c a l d e n s i t i e s have been gmven i n 
Table No.35 and p l o t t e d i n P i g . N o . 2 5 . 
Slope RatiOJ Methods For one s e t 4ml of TiCl was t a k e n 
O 
in 12 test-tubes and varying volumes of cacotheline solution 
added making the total volume constant ie. l^ml by adding 
water. Similarly in 12 test tubes 4ml of cacotheline 
solution was taken and varying volumes of titanous chloride 
added making the total volume constant. The actual volumes 
mixed and the optical densities are given in Table No.36a 
and 36b. Three sets were prepared using solutions of M/30pO, 
(96) 
M/4000 and M/5000 strengths. The optical densities have 
been plotted against the varying volume of one reactant. 
(Fig.No.26 & 27) 
Molar Ratio Method! 2ral of standard solution of titanous 
chloride was taken in 12 test tubes to which varying amounts 
of a solution "bacotheline of the same concentration were added 
and the volume made upto 12ml by adding requisite amount of 
airfree double distilled water. Solutions of cacotheline 
containing varying amounts of the reagent v;ere prepared in 
another 12 test tubes and the volume made up 12ml by simply 
adding distilled water. The difference in optical density 
was plotted against the volume of cacotheline. The actual-
volumes mixed are given in Table Ko.37. Fisre such sets using 
different concentrations (M/1500,M/2000,M/2500,M/3000, and 
M/4000) of the two reagents were prepared and the optical 
densities are given in Table No.37,38 and 39. 
In another three sets, 4ral of solution of cacothe-
line was taken in 12 test tubes to which varying volumes of 
standard TiCl^ were added and the volume again made upto 
12ml by adding water. The absorption of cacotheline alone 
was determined by preparing a solution containiiig 4niL of the 
reagent in 8ml water (TiClg giving no appreciable absorption 
at 400in^). ^  The actual volumes of the reagents mixed are 
given in Table No.40. Three sets were prepared using M/200G, 
(97) 
M/3000 and M/4000 reagents but the volumes mixed were 
the same as given in Table No.40. The results are given in 
Table No.40 and 41 and Fig.No.28 & 29. 
2ml of the mixture of TiClo and cacotheline in 1:3 
ratio* was mixed with 10ml of buffer solutions of different 
AH and their optical densities noted at different wave lengths. 
These are given in Table No.42 and plotted in Fig.NoSO. 
Preparation and analysis of the complex: 
To 150ml of M/lOO solution of cacotheline, about 
50ml of M/100 Titanium (iii) chloride v;as added slowly with 
constant stirring when a reddbsh violet solution was obtained. 
To this solution 95% alcoho.1 and acetone were added success-
ively. A small quantity of a reddish precipitate was thereby 
obtained, \'/hich was shaken with acetone and centrifuged. The 
centrifugate gave tests for chloride, titanium and cacotheline 
The residue was repeatedly washed with acetone till the 
centrifugate was free from the three substances. It was dried 
in a vacuum desiccator over caustic soda. The dried complex 
was reddish violet in colour. It could be dissolved in 
mineral acids. 
0.2gm. of the dried complex v;as weighed in a clean 
dry platinum crucible heated on a low flame to break the 
organic molecule and then fused with potassium hydrogen 
sulphate for 30 minutes. When fused mass became colourless, 
the crucible was allowed to cool, placed in a clean pyrex 
beaker containing dilute hydrochloric acid and left over night 
(98) 
A c lea r so lu t ion was obtained from vdiich Titanium was 
est imated g rav ime t r i ca l ly . The r e s u l t s of chemical 
analys is are given in Table No.43. 
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T a b l e N o . 3 3 
YOSBURGH A!0 COOPER METHOD. 









V o l . o f 
M / 4 0 0 0 








V o l . o f 
M/4000 









0 . 5 2 
0 . 7 2 
0 . 9 0 
0 . 3 9 
0 . 2 7 
0 . 0 1 5 
1 . 1 0 
OPTICAL 
360 370 
0 . 5 1 
0 . 7 1 
0 . 8 0 
0 . 3 6 
0 . 2 7 
0 . 0 3 
1 . 1 
0 . 4 9 
0 . 6 6 
0 . 7 5 
0 . 3 5 
0 . 2 5 




0 . 5 1 
0 . 6 8 
0 . 7 8 
0 . 3 6 
0 . 2 6 
0 . 2 5 
0 . 9 9 
0 . 5 2 
0 . 7 0 
0 . 8 0 
0 . 3 7 
0 .26 









4 0 0 
0 . 5 5 
0 . 7 4 
0 . 8 4 
0 . 3 9 
0 . 2 9 
0 . 0 1 5 









420 430 440 450 500 
0.51 0.45 0.36 0.29 0.08 
0.67 0.60 0.50 0.40 0.105 
0.80 0.69 0.55 0.46 0.115 
0.35 0.31 0.24 0.22 0.048 
0.24 0.23 0.18 0.15 0.045 
0.0 0.15 0.01 0.015 0.015 
0.95 0.88 0.71 0.56 0.130 
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Table No.33 contd. 
510 530 540 550 560 570 580 
0.58 0.035 0.02 0.021 0.18 ,0.005 0.018 
0.08 0.06 0.63 0.03 0.026 0.018 0.025 
0.03 0.026 0.012 0.02 
0.02 0.02 0.018 0.015 
0.018 0.016 0.005 0.015 
0.01 0.01 0.005 0,005 




















































Vide C u r v e No.24 
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Tab le No.34 
JOiJ'S METHOD 
(Ti tan ium ( i i i ) c h l o r i d e - C a c o t h e l i n e complex) 


























S o l n s . 
i n e 

























M/4000 S o l n s . 
¥ o l . o f 
Caco -


































0 .75 • 
0.89 
0 .95 
D i f f e r -
ence i n 
C D . 
0 .005 








































O.D.of D i f f e r e n c e O.D.of O.D.of D i f f e r e n c 
Caco- i n C D . . complex Caeo- i n C D . 
the l ine- f t h e l i n e + 












0 . 0 1 
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T a b l e W o . 3 6 ( a ) 
a^OPK RATIO MjL-ThQD 
( T i t a n i u m ( i i i ) c h l o r i d e - { j a c o " b h e l i n e Complex) 
Vol . of T i C l ^ = 4 in l . 
Tube Ko. V o l . of C a c o -














1 . 0 
1 . 5 
2 . 0 
2 . 5 
3 . 0 
4 . 0 
4 . 5 
5 . 0 
5 . 5 














a t wave l e n f i : h = 4 0 0 '^p?^^ 
OPTICAL UEINSITY 
M/3000 
0 . 1 3 

















































same as above. 
But readings a t 
wave length =450^^/6 
0 . 0 4 
0 . 1 2 
0 . 1 3 
0 . 1 7 
0 . 2 0 1 
0 . 2 8 0 
O.300 
0 . 350 
0 . 3 8 0 
0 . 4 5 0 
0 . 5 0 0 
0 . 5 7 0 
0 . 0 1 
0 . 0 4 
0 . 1 1 
0 . 1 4 
0 . 1 6 
0 . 2 2 
0 . 2 5 
0 . 2 9 
0 . 3 1 
0 . 3 6 
0 . 3 9 
0 , 4 2 
0 . 0 1 
0 . 0 3 
0 . 0 7 
0 . 0 9 
0 . 1 3 
0 . 1 7 
0 . 1 8 
0 . 2 1 
0 . 2 5 
0 . 2 9 
0 . 3 3 
0 . 3 7 
see F ig . Ko.27 
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T a b l e N o . 3 6 ( b ) 
SLOPK RATIO i-MHOi) 
( T i t a n i u m ( i i i ) crLl o r i d e - c a c o t h e l i n e c o m p l e x ) 




















2 . 0 
2 . 5 
3 . 0 
3 . 5 
4.0 
4 .6 
5 . 0 





7 . 0 
6.5 
6 .0 
5 . 5 
5 . 0 
4 .5 
4 .0 
3 . 5 
3 . 0 
2 . 5 
2 . 0 
S e e F i g . K o . 2 6 
M/300U 
0 . 5 9 
0 . 6 2 
0 . 6 5 
0 . 6 7 
0 . 6 8 
0 . 7 8 
0 . 7 5 
0 . 8 0 
0 . 8 2 
0 . 8 4 
0 . 8 6 
0 . 9 0 
A t v;ave l e n g t h = AOOrr^/A 
OPTICAL iJhKSXTY '^  
M / 5 0 0 0 M / 4 0 0 0 
0 . 5 1 
0 . 5 4 
0 . 5 5 
0 . 5 6 
0 . 5 8 
0 . 6 0 
0 . 6 4 
0 . 6 8 
0 . 6 8 
U . 7 0 
0 . 7 2 
0 . 7 8 
0 . 4 8 
0 . 5 0 
0 . 5 1 
0 . 5 2 
0 . 5 4 
0 . 5 6 
0 . 6 0 
0 . 6 2 
0 . 6 4 
0 . 6 2 
0 . 6 5 













same as abo 
readings t a 
a t wave l e r 
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T a m e WO.37 
Hai.AR KATIQ Mx^ TliOD 
( T i t a n i u m ( i i i ) c h l o r i d e - c a c o t h e l i n e complex ) 
2iTa T i G l ^ ^ M/1500 S o l u t i o n s = 4 0 0 w c 
Tube No. V o l . o f C a c o - V o l . o f O-D- V o l . o f V o l . o f O-D* U i f f p r -
t h c l i n e . w a t e r . C a c o - v / a t e r . e n c e . 
0 . 1 0 0 0 . 0 1 0 
0 . 2 1 0 0 . 0 1 5 
0 . 3 3 0 0 . 0 1 5 
0 . 4 3 0 0 . 0 2 5 
0 -590 0 . 0 3 
0 . 7 1 0 0 . 0 3 5 
0 . 9 0 0 0 . 0 4 0 
1 .200 0 , 0 5 5 
1 .300 0 . 0 6 0 
1 .700 0 . 0 6 0 














0 . 5 
1 .0 
1 .5 
2 . 0 
2 . 5 
3 . 0 
4 . 0 
5 . 0 
6 . 0 
7 . 0 
8 . 0 
9 . 0 
9 . 5 
9 . 0 
o . 5 
8 . 0 
7 . 5 
7 . 0 
6 . 0 
5 . 0 
4 . 0 
3 . 0 
2 . 0 
1 .0 
0 . 1 1 0 
0 . 2 2 5 
0 . 3 4 5 
0 . 4 5 5 
0 . 5 2 0 
0 . 7 4 5 
0 . 9 4 0 





t h e l i n e 
0 . 5 
1 .0 
1 . 5 
2 . 0 
2 . 5 
3 . 0 
4 . 0 
5 . 0 
6 . 0 
7 . 0 
8 . 0 
P . n 
9 . 5 
9 . 0 
8 . 5 
8 . 0 
7 . 5 
7 . 0 
6 . 0 
5 . 0 
4 . 0 
3 . 0 
2 . 0 
1 .0 
Vide F i r . No.28 
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T a b l e Ko.38 
l-;Qj^ AR UAriQ lUJSlUOD 















C D . of 
complex 
, 0 . 1 0 5 
0 . 1 7 5 
0 . 2 5 5 
0 . 2 4 0 
0 . 4 5 0 
0 . 4 9 0 
0 . 8 1 0 
0 . 9 0 0 
1 . 0 4 5 
I . O I U 
1 . 4 0 0 
1 .450 
0 .L). of 
C a c o -
t h o l i i i e 
0 . 1 0 0 
0 . 1 7 0 
0 . 2 5 0 
0 . 3 3 0 
0 . 4 4 0 
0 . 4 7 0 
0 . 7 8 0 
0 . 8 6 0 
1 , 0 0 0 
1 , 0 5 0 
1 . 3 5 0 
1 . 4 0 0 
D i f f e r -
ence 
0 . 0 0 5 
0 . 0 0 5 
0o005 
0 , 0 1 0 
OoOlO 
0 , 0 2 0 
0 . 0 3 0 
0 . 0 4 0 
0 . 0 4 5 
0 . 0 5 0 
0 . 0 5 0 
0 . 0 5 0 
C D . o f 
c o m p l e x 
0 . 0 7 0 
0 . 1 4 5 
0 . 2 1 0 
0 . 2 5 5 
0 - 3 5 0 
0 . 4 4 0 
0»610 
0 . 7 8 5 
0 . 8 8 0 
1 . 0 4 5 
1 . 3 6 0 
1 . 4 0 0 
C D . of 
G a c o -
t h e l i n e 
0 . 0 7 0 
0 . 1 4 0 
0 . 2 0 5 
0 . 2 5 0 
0 . 3 4 0 
0 . 4 2 0 
0 . 5 8 0 
0 . 7 4 0 
0 . 3 3 0 
0 . 9 9 0 
1 . 3 0 0 
1 .:^h() 
D i f f e r -
ence 
0 . 0 0 0 
0 . 0 0 5 
0 . 0 0 5 
0 . 0 0 5 
OcUlO 
0 . 0 2 0 
0 . 0 3 0 
0 . 0 4 5 
0 . 0 5 0 
0 . 0 5 5 
0 . 0 5 0 
—^.OHJ 
Vide F i g . No .27 
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T a b l e Ko.39 
biQLAH RATIO I--1ETH0D 
( T i t a n i u m ( i i i ) c h l o r i d e - c a c o t h e l i n e c o m p l e x ) 
M/3000 M/4000 
Tube 1^0. O .D .o f C D . of D i f f e r - C D , of 0 - D . o f D i f f e r 
complex G a c o . e n c e c o a p l e x G a c o . ence 
1 0 .031 0.030 0.001 0 .010 0 .015 0.005 
2 0 .085 0.075 0 .010 0 ,055 0 .040 0.015 
3 0.180 0.150 0.030 0.110 0.090 0.020 
4 0 .200 0.180 0 .020 0 .135 0 .135 0.030 
5 0.260 0.230 0.030 0 .185 0.150 0.035 
6 0.310 0 .270 O.CiO 0.270 0 .230 0.040 
7 0.440 0.380 0-060 0 .345 0 .290 0.055 
S 0.560 0 .490 0 .070 0 .440 0 .370 0.070 
9 0.680 0.600 0.080 0.510 0 .430 0.080 
10 0.800 0.715 0 .085 0 .585 0 .500 0.085 
11 0.905 0.820 0.085 0 .690 0 .600 0.090 
12 1.100 0 .925 0.085 0 .710 0.620 0.090 
Vide Pi,^. KG.28 
•w 
'^'C •'c.a.;rlj A-r^^^,^c. 
f-. 
c-
.^y,-t.<r}r ,. .i.t..'^f_. 
~Q /-
'• ^-^O /'.') 
/ / 






, ' c.ci,.:.^i-= 
' • " - • - < . 
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T a b l e Ko.40 
MQLAR RATIO t-CThOQ 
( T i t a n i u m ( i i i ) c h l o r i c G - c a c o t h e l i n e complex} 


















V o l . o f T i C l o 
o 
U . 5 
1 . 0 
1 . 5 
C-0 
2 . 5 
3 o 0 
4 - 0 
5 - 0 
6 . 0 
7 . 0 
8 o 0 
9 . 0 
1 0 . 0 
1 1 . 0 
0<>0 
D t h e l i n e 
V o l . o f HgO 
10»5 
1 0 . 0 
9 . 5 
9 c 0 
8 . 5 
8 . 0 
7 . 0 
s.o 
b.O 
4 . 0 
3 . 0 
2 . 0 
1 . 0 
0 . 0 
1 1 . 0 
O.D. 
0 . 5 
0 . 5 3 
0 . 5 4 5 
0 . 5 5 0 
0 . 550 
0 . 5 5 0 
0 - 5 5 5 
0 . 5 5 0 
0 . 5 5 0 
0 . 5 5 6 
0o548 
0 - 5 5 0 
0o550 
0 . 5 5 0 
0 . 4 9 0 
D i f f e r e i i c 
U.OIO 
U.040 
0 . 0 5 5 
0 . 0 6 0 
0 . 0 6 0 
0 . 0 6 0 
0 . 0 6 5 
0 . 0 6 0 
0 . 0 6 0 
0 . 0 6 5 
0 . 0 5 8 
0 . 0 6 0 
0 . 0 6 0 
0 . 0 6 0 
See F i r . Ivo.29 
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T a b l e N o . 4 1 
MQLAl^  RATIO HiiiTHOD 
( T i t a n i u m ( i i i ) c h l o r i d e c a c o t h e l i n e c o m p l e x ) 

















0 .D , o-f 
complex 
0 . 3 9 
0*41 
0 . 4 2 
0 . 4 2 5 
0 . 4 3 0 
0 . 4 3 0 
0 . 4 2 8 
0 . 4 3 0 
0 . 4 2 9 
0 . 4 3 2 
0 . 4 2 9 
0 . 4 3 0 
0 . 4 3 0 
0 . 4 3 0 
0 . 3 8 0 
D i f f e r e n c e 
0 . 0 1 0 
0 . 0 3 0 
0 . 0 4 0 
0 . 0 4 5 
0 . 0 5 0 
0 . 0 5 0 
0 . 0 4 8 
0 . 0 5 0 
0 . 0 4 9 
0 . 0 5 2 
0 . 0 4 9 
0 . 0 5 0 
0 . 0 5 0 


































Vide Fi.q. Wo.29 
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T a b l e Wo.42 
CPTXUAL iJEi^SITY AT Blt'S-'SREl^T pH( vOSiiUl^ .GH 6: CC0P2R MiiTCHQU j 
( T i t a n i u m ( i i i ) c h l o r i d e - c a c o t h e l i n e c o m e p l e x ) 
2ml of M/1000 c o m p l e x ( T i C l 3 ' C a c o t h e l i n e : J l : 3 ) + 8 m l b u f f e r s o l u t i o n . 
Of 
Tube No. PH buffer OPTXC/i. u^uSITY 
350 360 370 
0.59 0.56 0.50 
0.60 0.57 0.505 
0.61 0.575 0.520 
0.62 0.575 0.505 
0.68 0.61 0.575 
0.74 0.64 0.58 
0.81 0.75 0.66 
0.90 0.81 0.71 
0.95 0.84 0.74 
1.00 0.90 0.77 
1.10 0.93 0.78 
1.20 0.95 O.SO 














2 . t-j 
3 . 0 
4.2 
5 . 0 
6.0 
6 . 4 
7 . 0 
7 . 5 
8 . 0 
8 .6 
9 . 2 
10.1 
11.5 
380 390 400 410 
0.51 0.52 0.55 0.54 
0.51 0.53 0.-54 0.55 
0.52 0.54 0.58 0.55 
0.515 0.55 . 0.61 0.56 
0.54 0.58 0.61 0.58 
0.56 0.60 0.65 0.63 
0.62 0.64 0.70 0.65 
0.68 0.68 0.755 0.70 
0.71 0.74 0.76 0.71 
0.72 0.745 0.765 0.73 
0.73 0.74 0.77 0.74 
0.74 0.765 0.782 0.74 
0.77 0.76 0.80 0.75 
- I l l -
















0 . 4 8 
0 . 4 9 
0 . 4 9 5 
0 . 4 9 
0 . 5 2 
0 . 5 3 
0 . 5 9 
0 . 6 1 
0 . 6 6 
0 , 6 6 
0 -64 
0 . 6 5 
G.68 
4 3 0 
0 . 4 1 
0 . 4 1 
0 . 4 2 
0 . 4 0 
0 . 4 5 
0 . 4 a 
0 . 5 1 
0 . 5 6 
0 . 6 1 
0 , 5 8 
0 . 5 8 
0 . 5 8 5 
0 . 6 1 0 
440 
0 . 3 1 
0 . 3 2 
0 . 3 1 
0 . 3 1 
0 . 3 3 5 
0 . 4 0 
0 . 4 1 
0 . 4 1 
0 . 4 6 
0 . 4 6 
0 . 4 7 
0 . 4 8 
U.4S 
4 5 0 
0 . 2 4 
0 . 2 5 
0 . 2 5 
0 . 2 5 
0 , 3 0 
0 . 3 3 
0 . 3 5 
0 . 3 6 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 3 8 5 
0 . 4 0 
4 6 0 
0 . 1 9 
0 . 1 9 5 
0 . 1 9 
U . 2 1 
0 . 2 5 
0 . 2 5 
0 . 2 S 
0 . 2 7 
0 . 3 0 
0 . 3 1 
0 . 3 0 
0 , 3 0 
0 , 3 1 
4 7 0 
0 , 1 3 
0 , 1 3 
0 . 1 4 5 
0 . 1 5 
0 . 1 9 
0 . 2 1 5 
0 . 1 9 
0 . 2 0 
0 . 2 3 
0 . 2 4 
0 . 2 5 
0 , 2 0 
0 . 2 0 
480 
0 . 0 8 
0 , 0 8 
0 . 0 8 
0 . 0 8 
0 . 1 1 
0 . 1 2 
0 . 1 9 
0 . 1 0 
0 , 1 1 
0 . 1 2 5 
0 . 1 3 
0 . 1 0 
0 . 1 1 
Vide F i g . Ko,30 
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Tab le No.43 
-Composition of T i "^•^•'•-Cacotheline 
complex by chemical a n a l y s i s . 
SamTDle K o . l . 
T i 8 . 9 ^ , ^ ^ = 0 .1858 
C a c o t h e l i n e 9 1 . 0 ^ , ^488^ • = 0»1866 1 
(by d i f f e r e n c e ) 
E m p i r i c a l formula T i ( Cg-j^  Hgg OQ_Q N^ X 
Sa^mple No.2 
T i ®.C% , | | 2 = 0.1875 
C a c o t h e l i n e 91.0% , ^„u ' = 0.1864 1 
Empi r i ca -1 formula T i ( C21 ^22 ^10 ^4 ) 
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D I S C U S S I O N 
Since the ¥osburgh-Cooper's method gives only one 
maximum, it can be safely concluded that only one complex 
is formed by the interaction of titanous chloride and 
Cacotheline.. Job's method of continuous variations gives 
the ratio T i . cacotheline, as 1S3 (Fig.No.XS' ). The molar 
ratio method (Fig.No.^ i^ii'^ ) as well as the slope ratio 
method (Fig.No. ti.7 ) give the same ratio, thereby condirming 
the results of Job's method. Since the three carboxylic 
groups from the three molecules of cacotheline are able 
to satisfy the trivalency of titanium ion while the two 
"quinone groups of each cacotheline molecule contribute 
towards the groups in the coordination sphere , the structure 
may be represented as 
AN -
iw coo 
The above structure is usually assigned for 
inner complexes which are not soluble in aqueous medium. 
It is quite possible that the soluble complex mentioned here ir 
may be in the form of a colloidal dispersion. Experiments 
performed at different pH media also give evidence for 
the formation of 1J3 complex (Fig.Wo. ). Here the only 
difference is that the O.D. values go on increasing with 
increase in the pH of the solution. 
114 -
The product isolated from the soluble complex 
gives on analysis a combining ratio of isi inspite of the 
fact that it was -prepared by mixing the r e act ants, Ti : 
cacotheline in the ratio of 1^3. That some sort of 
transformation takes place on isolating the complex from 
its original state can also be seen from its solubility. 
The complex now shows very little solubility in the 
aqueous medium, showing thereby that the soluble complex 
is in fact, a colloidal dispersion of compounds of Titanium 
(iii) of varying comosition. One such compound can also be 
a isl complex having the structure* 
/ 
r>*\A C.OO" 
/ Tc Co^ y 
D I T H I Z O I N I E C O M P L E X . 
- 115 -
I_N_T_R_0__D_U_C_T_I_0_N 
Dithizone» which was introduced into analytical 
practice by Hellraut Fischer, now accupies a special place 
among the organic reagents used in inorganic qualitative 
analysis. It forms characteristically colured compounds 
with many metals » which display typical inner complex salt 
character. It shows keto-enol tautomerism and both its 
tautomeric forms are capable of complex formation through 
chelation. Copper and silver provide examples of compound 
formation with both keto and enol forms. These have been 
studied spectrophotometrically using Job's method of 
continuous variations. Extensive work has been done on 
dithizonates with many metils viz. polonium, mercury, 
gallium, cadmium, lead, bismuth, telluriiim, zinc etc. 
Although dithizonates of several metals have been studied 
yet there are still many metals left where interaction 
with dithizone has not been investigated so far. Titanium 
(iii) dithizonate is one of those which do not find mention 
in chemical literature. Titanium (iii) chloride dissolved 
in ethyl alcohol gives an intense green coloured solution 
with alcoholic solution of dithizone. The numher of 
complexes formed by the interaction of Titanium (iii) 
chloride mth dithizone under the usual conditions of 
colorimetric analysis, was determined by employing Vosburgh 
and Cooper method and then the complex formation was studied 
by the Job's method of continuous variations and Slope ratio 
method. 
- 116 
E X P E R I M E N T A L 
Titanium ( i i i ) ch lor ide was prepared and 
standardized as given in Par t I . 0 . 1281 gm. of Dithizone 
( B.D.H. ) v;as d issolved in 98$ alcohol by warming over 
water bath for 15 minutes. I t was cooled and made upto 
SOOnfl. in a standard f lask when a so lu t ion of M/lOOO 
s t rength was obtained. On mixing so lu t ions of d i th izone 
and t i t an ium ( i i i ) chloride» a beau t i fu l in tense green 
coloured so lu t ion r e su l t ed from which a so l i d product 
could not be i so l a t ed even on adding acetone. 
Vosburgh and Cooper methods M/lOOO so lu t ion of 
Titanium ( i i i ^ ch lor ide and di th izone were prepared and 
mixed in the r a t i o of i : i , 1«2, U S , 3s i and 2 s i . The 
op t i ca l d e n s i t i e s of these mixtures were measured by Bosh 
and Lomb spectronic 20 a t wave lengths ranging from 350 to 
650»»>^.Different concentra t ions of d i th izone were taken 
and t h e i r op t i ca l d e n s i t i e s were noted a t d i f f e r en t wave 
lengths in the v i s i b l e region . These have been in Table 
No.44, and p lo t ted in F i g . No.3v. 
J o b ' s method of continuous va r i a t i ons s The 
complex was s tudied a t 425m/^at which the complex showed 
maximum absorbance. For one se t in J o b ' s method, 11ml, 
10ml, 9ml 2ml and 1ml of t i t an ium ( i i i ) 
chlor ide were mixed with 1ml, 2ml, 3ml 10ml and 
11ml of d i th izone were mixed with 11ml, 10ml, 9ml 
2ral and 1ml of 98% alcohol and the op t i ca l d e n s i t i e s 
- 117 -
determined. The difference in optical density was plotted 
against the volumes of the !kw3 reagents. The actual volumes n 
mixed are given in Table Wo.45. Three such sets were prepared 
using different concentrations (M/2000, M/3000 and M/4000) 
of the two reagents. These have been given in Table No.45> 
and 46. 
Slope Ratio Method: For one set of slope ratio 
method, 4ral of M/5000 Titanium (iii) chloride was taken ,; 
in 11 test tubes and varying volumes (0.5» 1.0, 1.5, 2.0, 
2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0 and 8.0ml) of M/5000 
dithizone were added . The total volume was made 14ml by ,v. 
adding reguisite amount of 9^ alcohol. The optical densities 
of these solutions were noted and plotted against the volume 
of dithizone. Similarly 4ml of M/5000 dithizone was taken 
in 11 test tubes and varying volumes (5.0, 1.0, 1.5, 2«0, 
2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0 and 8.0ml) of M/5000 
bitaiiium (iii) chloride were added making up the volume 
apto 14ml by adding required volume of alcohol. The optic? 
iensities \jeTe noted and plotted against the volume of 
titanium (iii) chloride. The ratio between the slopes of 
the two curves was determined. ' 
Exactly the same volumes of the two reagents 
i^ ere mixed for two more sets using M/6000, and M/8000 
2oncentrations of the two reagents. The optical densities 
^ave been given in Table No.47 and plotted in Eig.No.S^. 
- 118 -
As the complex has been studied in non aqueous 
medium (alcoholic medium) the effect of pH on the complex 
could not be ascertained. 
- 119 -
Tab le No.44 
TITANIUM4)ITHIZONE COMPLEX. 



















V o l . o f V o l . o f 
M/1000 M/lOOO 









4 1 0 
0 . 5 2 . 
0 . 6 9 
0 . 8 0 
0 . 2 7 
0 . 2 9 
0 . 4 5 
0 . 6 1 










4 1 5 
0 . 5 3 
0 . 7 1 
0 . 8 3 
0 . 2 8 
0 . 2 9 
0 . 4 7 
0 . 6 2 
0 . 7 5 
V o l . o f 










0 . 3 0 
0 . 4 5 
0 . 5 2 
0 . 1 9 
0 . 2 0 
0 . 3 6 
0 . 4 5 
0 . 5 2 
4 2 0 
0 . 5 4 
0 . 7 2 
0 . 8 4 
0 . 2 8 
0 . 3 0 
0 . 4 9 
0 . 6 5 
0 . 7 9 
360 
0 . 3 3 
0 . 4 5 
0 . 5 2 
0 . 1 9 
0 . 2 0 
0 . 3 3 
0 . 4 4 
0 . 5 3 
4 2 6 
0 . 5 5 
0 . 7 3 
0 . 8 5 
0 . 2 9 
0 . 3 1 
0 . 5 0 
0 . 6 8 
0 . 8 0 
OPTICAL 
370 
0 . 3 4 
0 . 4 6 
0 . 5 4 
0 . 1 9 
0 . 2 0 
0 . 3 2 
0 . 4 3 
0 . 5 2 
4 3 0 
0 . 5 2 
0 . 7 0 
0 . 8 2 
0 . 2 7 
0 . 3 0 
0 . 5 1 
0 . 6 8 
0 . 8 1 
380 
0 . 4 0 
0 . 5 2 
0 . 6 0 
0 . 2 2 
0 . 2 3 
0 . 3 5 
0 . 4 7 
0 . 5 6 
4 3 5 
0 . 5 1 
0 . 6 9 
0 . 8 1 
0 . 2 7 
0 . 2 9 
0 . 5 2 
0 . 7 0 
0 . 8 3 
390 
0 . 4 2 
0 . 5 6 
0 . 6 6 
0 . 2 3 
0 . 2 4 
0 . 3 5 
0 . 5 0 
0 . 5 9 
4 4 0 
0 . 5 0 
0 . 6 7 
0 . 7 9 
0 . 2 5 
0 . 2 9 
0 . 5 3 
0 . 7 1 
0 . 8 4 
DENSITY 
4 0 0 
0 . 4 7 
0 . 6 3 
0 . 7 4 
0 . 2 5 
0 . 2 7 
0 . 4 0 
0 . 5 5 
0 . 6 6 
4 5 0 
0 . 4 6 
0 . 6 2 
0 . 7 5 
0 . 2 3 
0 . 2 6 
0 . 5 5 
0 . 7 2 
0 . 8 4 5 
4 0 5 
0 . 5 0 
0 . 6 7 
0 . 7 8 
0 . 2 7 
0 . 2 8 
0 . 4 3 
0 . 5 8 
0 . 7 0 
4 6 0 
0 . 4 0 
0 . 5 6 
0 . 6 7 
0 . 2 0 
0 . 2 4 
0 . 5 4 
0 . 6 6 
0 . 8 0 
- 120 ~ 
























































































































































































T a b l e Wo-45 
JOB 'S METHOD 
( T i t a n i u m ( i i i ) c h l o r i d e - d i t h i z o n e c o m p l e x ) 
(M/2000 S o l u t i o n s ) 












T i C l 3 























0 . 1 1 0 
0 . 2 2 0 
U.260 
0 . 4 1 0 
0 . 5 2 0 
0 . 6 3 5 
0 . 7 3 0 
0 . 8 4 5 
1 . 0 0 0 
0 . 1 9 0 
0 . 1 2 5 












C D . V o l . o f V o l . o f O.D. D i f f e r 
i+-hi3on a l c o h o l c n c e . 











0 . 1 1 
0 . 2 1 
0 . 2 4 5 
0 . 3 9 5 
0 . 5 0 0 
0 . 6 1 0 
0 . 7 0 0 
0 . 8 1 0 
0 . 9 5 0 
0 . 1 5 0 
0 . 1 2 5 
0 . 0 0 0 
0 . 0 1 0 
0 . 0 1 5 
0 . 0 1 5 
0 . 0 2 0 
0 . 0 2 5 
0 . 0 3 0 
0 . 0 3 5 
0 . 0 5 0 
0 . 0 4 0 
0 . 0 0 0 
Vide F i g . IJo.32 
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Tab le No.46 
JOB'S I-i£THOD_. 



























C D . of 
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Vide F i g . Ko.32 
ns^,ii!j±lAiJ^^~^ M^^-y^-• f^'c^^ '^j^^---^^-^<^.c^,-/,6i.:) 
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T a b l e N o . 4 7 
SLDPE RATIO METhOD. 
(Ti t ran ium ( i i i ) c h l o r i d e - d i t h i z o n e c o m p l e x ) 
V o l . o f one M/5000 M/6000 M/8000 
r e a r e n t = 4 r a l 
Tube V o l . of Vol -o f 0 .D . 0 -D. 0 . D . 0 .D . 0 -D. 0 .D. 
Ko. a n o t l i e r a l c o h o l ( T i C l ^ (DKS ( T i C l g (DNS ( T i C l 3 (DNS 
rGap"ent c o n s t . ) c o n s t . ) c o n s t . ) c o n s t . ) c o n s t . ; cons t .> 
0 . 1 5 0 . 0 6 0 . 1 1 
0 . 1 6 0 , 0 6 5 0 . 1 2 
0 . 1 6 5 0 . 0 8 5 0 . 1 2 
0 , 1 8 0 . 0 9 5 0 . 1 3 
0 . 1 9 0 . 1 2 5 0 , 1 3 5 
0 . 2 0 0 . 1 3 0 0 . 1 4 0 
0 . 2 1 5 0 . 1 6 5 0 . 1 4 5 
0 . 2 3 0 . 1 9 0 0 . 1 5 5 
0 . 2 4 0 . 2 3 5 0 . 1 6 5 
0 . 2 4 5 0 . 2 6 0 0 . 1 7 5 












0 . 5 n a 
1 . 0 
1 . 5 
2 . 0 
2 . 5 
3 . 0 
4 . 0 
5 . 0 
6 . 0 
7 . 0 
8 . 0 
9.5ra l 
9 . 0 
8 . 5 
8 . 0 
7 . 5 
7 . 0 
6 . 0 
5 . 0 
4 . 0 
3 . 0 
2 . 0 
0 . 1 0 
0 . 1 2 
0 . 1 5 
0 . 1 8 
0 . 2 1 
0 . 2 6 
0 . 3 1 
0 . 3 7 
0 . 4 2 
0 . 4 8 
0 . 5 6 
0 . 3 1 
0 . 3 2 
0 . 3 4 
0 . 3 4 
0 . 3 5 
0 . 3 7 
0 . 3 7 5 
0 . 4 0 0 
0 . 4 4 
0 . 4 5 
0 . 4 6 
0 . 0 7 5 
0 . 0 9 
0 . 1 2 
0 . 1 2 
0 . 1 7 
0 . 1 8 
0 . 2 3 
0 . 2 8 
0 . 3 4 
0 . 3 6 
0 . 4 3 
Vide F i g . Mo.33 
r<^^••^0-35. ^ ^ 7 ^ " ^ ' ^ ^ - - " ^ ' Aw'^/S!w-=>^.. 
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I)_I_S__C_U_S_S_I_0_N 
fosburgh Cooper method shov;s maxiraum absorbance 
at 425 and 595 rxyUtoT Titanium (iii )-dithizone complex and 
at 450 and 595 mutor dithizone. The optical densitSreof 
titanium (iii) chloride at this dilution is negligible. 
The complex was studied by Job's method of continuous 
variations and slope ratio method at 425 m ^ Experiments 
were not performed at the second maxima ie. 595 i^since 
there was marked absorption of dithizone itself at this 
wave length. 
Two types of complexes may be formed when a metal 
combines with dithizone* a complex containing the bidentate 
keto form of dithizone and the other containing a tridentate 
enol form of the lig"~and entailing replacement of both 
hydrogen ions from the hydrazide function. But since the 
possibility of a tridentate appears to be very little in 
view of the fact that the products were obtained in slightly 
acid medium, a complex with the keto form of dithizone is 
possible in which one hydrogen is displaced from the imido 
group and the ligand behaves as a tridentate. The Job's 
method and the sl'ope ratio method give the combining ratio 
(Titanium: dithizone) as U S . From this ratio it may be 
concluded that a six membered ring is formed. The following 
structure may be assigned to the complex. 
I \ 
H N^ S=.c nc 
A L I Z A R I N E C O M P L E X E S . 
~ 12b -
I_K__'E_R_0_D_U_C_T_I_0_1S1 
%he fermation of a laSe -with alizarin has been 
proposed at various times as a confirmatory test for 
aluminium but it *has failed as a direct test because of 
the susceptibility of the lake to traces of acids and metal 
« 
salts. Alizarin forms simple salts with copper* cadmium, 
c 
iron and nikel salts when boiled in an organic solvtent. 
These appear to be salts in -vdhich H of the OH groups is 
replaced by the metal. Lakes of alizarin mth Chromium and 
cobalt and those of alizarin sulphonic acid with tin (iv), 
titanium (iv), Zirconium (iv) and Thorium (iv) have been 
studied. Compounds of alizarin with Indium and uranyl have 
been prepared and studied. A thorough survey of chemical 
literature shows that compound formation between titanium (iii) 
chloride and alizarin or alizarin sulphonic acid was never 
investigated. It was observed that a green coloured solution 
results vAien aqueous solutions of alizarin and titanium (iii) 
chloride are mixed. The green colour changes to red after 
two hours but if the solutions of the two substances are 
mixed in alcoholic solution the red colour develops soon. 
The red coloured complex was studied spectrophotometrically 
in alcoholic medium by Job's method of continuous variations, 
Slope ratio method and molar ratio method at the wave length 
chosen by employing Vosburgh and Copper method. From this 
red coloured solution was isolated a solid substance by the 




Titanium (iii) chloride was prepared and 
standardized as given in Part I. The solutions of various 
strengths were prepared in alcohol from the concentrated 
aqueous solution of titanium (iii) chloride v*iich had already 
been standardized. Oo60gm« of aliz arin ( E» Marck ) was 
dissolved in 250ml of 95^ alcohol by warming over a water 
bath to obtain M/lOO solution. 
Vosburgh and Cooper methods Alcoholic solutions of titanium 
(iii) chloride (M/8000) and alizarin (M/8000). were mixed in 
the ratio of 1:1, 1:2, L : 3 , 3:1 and 2:1 and their optical 
densities measured by Bosh and Lorab Spectonic 20, at wave-
lengths in the visible range (350-650m^). Solutions of 
alizarin of different concentrations were taken and their 
optical densities also determined in the same way. These 
have been given in Table N0o48 and plotted in Fig.No.34. 
Job's Method: For the study of the complex by Job's method, 
three sets were prepared with varying concentrations (M/4000, 
M/6000' and M/8000) of the reactants. For one such set the. 
mixtures of the two reagents were prepared as follows: 
1) 11ml, 10ml, 9ml 3ml, 2ml and Iral of 
titanium (iii) chloride solution were mixed with 1ml, 2ral, 
3ml 9ml, 10ml andllml of alizarin solution. 
2) 1ml, 2ml, 3ml- 9ml, 10ml & 11ml of 
alizarin were mixed with 11ml, 10ml, 9ml 3ml, 2ml 
and 1ml of 9^ alcohol. 
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The optical densities of these solutions were 
determined at 435iij/^ . The optical density of the solutions 
of titanous chloride a-t this dilution %§ hfegligible. The 
difference i^ the optical densities of the solutions having 
same volume of alizarin was plotted against the volume of ali' 
zarin and titanous chloride. The actual volumes of the two 
reagents and alcohol mixed are given in Table No.49. The 
same volumes of these substances were micied for two more sets 
and the optical densities determined are given in Table No.50. 
The optical densities have been plotted against the volumes 
of the two reagents in Fig. No.35. 
Slope ratio method? Three sets were prepared uning M/40G0, 
M/6000 and M/8000 solutions of alizarin and titanium (iii) 
chloride. For one such set the solutions were mixed as 
follows: 
1> 2ml of titanium (iii) chloride was taken in 
12 test tubes and varying volumes viz; 0.5, 1.0, 1.5, 2.0, 
2.5, 3,4,5,6 ,7,8_, and 9ml of alizarin were added making the 
total volume 12ml by adding required volume of alcohol. The 
optical densities were noted and plotted against the volume 
of alizarin. 
2) 2ml of alizarin was taken in twelve test tubes 
and 0.5, 1.0, 1.5, 2.0, 2«5, 3,4,5,6,7,8 and 9ml of titanium 
(iii) chloride making the total volume constant at 12ml by 
- 128 -
adding requisite,amount of alcohol. The optical densities 
were measured and plotted against the volume of titanium (iii) -
chloride. 
The ratio between the slopes of the cur#e where 
alizarin is variable and that where titanium (iii) chloride 
is variable is the ratio between alizarin and titanium (iii) 
chloride in the complex under study. 
The same volumes as written above were mixed for two 
more sets using the different concentrations (M/6000 and M/8000) 
of the two reagents. The results are given in Table No.51 and 
Fig. No.36. ' 
Preparation and Chemical analysis of the solid complex? Tita-
nium (iii) chloride and alizarin (M/500 solutions) were mixed 
in the ratio of 1S3 as given by Job's method and slope ratio .' 
method. Acetone was added to this red coloured solution when 
a small amount of precipitate was produced. The precipitate 
was isolated by centrifuging the solution, washed several 
times with acetone. The washings gave tests for chloride 
and titanium. The residue was washed with acetone till the 
washings were free from titanium and chloride. It was dried 
in a vacuum desiccator over concentrated sulphuric acid. The 
dried substance is an intense red powder insoluble in boiling 
water, alcohol, ether and dilute mineral acids. 
A weighed quantity of this complex was fused with 
KHSO^ in a platinum crucible and titanium estimated 
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gravimetrically as given in Part I. The complex did not 
give test for chloride radical. The analysis was done in 
duplicate and the results are given in Table JMo.52, 
- 130 -
Table No.48 
T i^^^ - A l i za r i n Cdiaprex 



























V o l . o f 
M/8000 










• 3 0 0 
»370 
.380 
• 1 7 0 
.250 
• 2 4 0 
• 3 6 0 
,390 
V o l . o f 
M/8000 









4 0 0 
0 . 3 3 0 
0 . 4 2 0 
0 . 4 5 0 
0 . 2 0 0 
0 , 2 8 0 
0 . 2 8 0 
0 . 4 2 
0 . 4 4 
V o l . o f 









4 1 0 
0 . 3 7 0 
0 . 4 8 0 
0 . 5 0 0 
0 . 210 
0 . 2 9 0 
0 . 3 1 0 
0 . 4 8 0 
0 . 5 4 0 
OPTICAL 
350 
0 . 2 5 0 
0 . 3 3 0 
0 . 3 5 0 
0 . 1 9 0 
0 . 2 4 0 
0 . 2 2 0 
0,260 
0 . 3 2 0 
4 1 5 
0 . 3 8 0 
0 . 4 9 0 
0 . 5 1 0 
0 . 2 1 0 
0 . 3 0 0 
0 . 3 2 0 
0 . 5 0 0 
0 . 580 
360 
0 . 2 8 0 
0 . 3 2 5 
0 . 3 5 0 
0 . 1 9 0 
0 . 2 5 5 
0 . 2 6 0 
0 . 3 0 0 
0 . 3 5 0 
4 2 0 
0 . 4 0 0 
0 . 5 0 0 
0 . 5 2 0 
0 . 2 2 0 
0 . 3 1 0 
0 . 3 4 0 
0 . 5 1 0 
0 . 5 9 0 
DEiMSITY 
370 
0 . 3 2 5 
0 . 3 9 0 
0 . 3 8 0 
0 . 2 2 0 
0 . 3 0 0 
0 . 2 7 0 
0.360 
0 . 3 8 0 
4 2 5 
0 . 4 0 5 
0 . 5 1 0 
0 . 5 3 0 
0 . 2 2 0 
0 . 3 2 5 
0 . 3 5 0 
0 . 5 2 0 
0 . 6 1 0 
380 
0 . 3 0 0 
0 . 3 7 0 
0 . 3 8 0 
0 . 1 9 5 
0 . 2 6 0 
0 . 2 3 0 
0 . 3 5 0 
0 . 3 8 0 
4 3 0 
0 . 4 0 0 
0 . 5 2 0 
0 . 5 4 0 
0 . 2 3 0 
0 . 3 4 0 
0 . 3 7 0 
0 . 5 5 0 




Tab le Wo.48 c o n t d . 
435 440 450 460 470" 480' 49-0 
1 0.420 0 .400 0 .390 0 .350 0 .290 0.250 0 .185 
2 0 .520 0 .515 0 .490 0 .430 0 .350 0 .290 0.220 
3 0 .590 0.580 0 .550 0 ,470 0 .400 0.310 0 .210 
4 0 .250 0.230 0.220 0 .190 0 .180 0.150 0 .115 
5 0.330 0.310 0 .300 0 .270 0 .235 0 .200 0.160 
6 0 .370 0 .360 0 .340 0 .290 0 .245 0 .195 0 .145 
7 0 .580 0.550 0.510 0 .450 0 .360 0 .225 0 .210 
8 0 .670 0 .650 0 .600 0 .500 0 .380 0.310 0.240 
500 520 540 660 600 650 
1 0 .150 0 .090 0 .060 0 .050 0.020 0 .015 
2 0 .165 0 .090 0 .070 0 .050 0 .025 0 .015 
3 0 ,170 0 .060 0 .040 0 .030 0.000 0 .005 
4 0 .105 0.040 0 .060 0 .040 0.010 0 .010 
5 0 .100 0 .080 0 .080 0 .060 0.010 0 .010 
6 0 .110 0 .060 0 .075 0.050 0 .010 0,000 
7 0.150 0.090 0 .070 0 .060 0,020 0 .000 
8 0 .160 0 .085 0.080 0 .070 0.020 0 .010 
Vide F i g . No.34 
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Tab le No.49 
JOB'S METHCD 
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Vide F i g . No.35. 
- 133 -
Tab le No.50 
JQB-^ -S iffif fiee 
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Tab le No.51 
SLOPE RATIO MEIiHCT) 
(Ti tan ium ( i i i ) c h l o r i d e - a l i z a r i n complex) 
OPTICAL DEWSITY 
M/4000 
s o l u t i o n s 
M/6000 
s o l u t i o n s 
M/8000 
s o l u t i o n s 
Tube Yol .of Vol .o f TiGl„ A l i z a - TiGl„ A l i z a -
No. ano ther a l coho l ^^ r i n ^ ^^ r i n 
r e a g e n t c o n s t . c o n s t . 
TiClg Al iza-

















2 . 0 
2 . 5 
3 . 0 
4 .0 
5 . 0 
6.0 
7 . 0 
8.0 ' 
9 . 0 
9.5ml 
9.0 
8 . 5 
8 . 0 
7 . 5 
7 . 0 
6.0 
5 . 0 
4.0 
3 . 0 










































































Vide F i g . No.36 
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Titanium 17.9%, 17.9/48 = 0.372 1.08 
Al iza r in 82.1%, 82.1/240 = 0.342 1 
(by d i f fe rence) 
1 
1 
Em-gLitMal formula Ti(Alizarin) 
Sample No.2 
TItanium 17.75% 17.75/48 = 0,369 1 
Al i za r in 82.25% 82.25/240 = 0.3427 1.09 1 
(by d i f ference) 
Empirical formula T i ( A l i z a r i n ) 
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D_I_S_G_U_S_S_I__0_N 
Vosburgh.and Cooper method gives maximum absorption 
at 435 ra^for titanium (iii) alizarin c3plex and for alizarin 
itself. Since only one raaiaima is observed* it is concluded 
that a single complex is formed under the usual conditions of 
coloriraetric analysis. Job's method and slope ratio method 
give a molar ratio of 1S3 for titanium (iii) chloride and 
alizarin in alcoholic solution. The lakes of alizarin have 
often been regarded as adsorption complexes but a pure 
compound with calcium has been isolated and found to be a 
chelate (see general Introduction) Babko and Nazarchuk stated 
that definite chemical compounds between alizarin and metal 
ions are formed under conditions of colorimetric measurements. 
It seems probable; that in alcoholic solution only one OH 
group in alizarin ionizes and then coordination with one 
doubly bonded oxygen occurs. The coordination/:- no.6 of tita-
nium is satisfied. The following structure may be assigned 




The struture shown.above is just the same as 
assigned to aluminium alizarin lake. 
The solid complex isolated by the addition of 
acetone does not give the test for chloride radical. The 
- 137 -
combining ratio for the two reactants was found to be Ul. 
The most probable structure of the solid complex may be as 
follows: 
. J -^^ CoH) 1-
E_R_I_0_C_H_R_0_M_E B_L_A_G„K - T C_0_M_P__L_E_X._E_S 
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E_R_I_0_C_H_R.O_M_E B_L_A_C_K - T 
Eriochrome Black-T is an example of the dyestuffs 
which have remarkable ability to form complexes with metal 
cations. The dye gives up its proton in 4 position to the 
azo group between pH 1-6.5 and forms a red solution when the 
dye can be represented as HJ)". Between pH 7-11.5 it is blue 
-2 • -"^ 
due to HD and above pH 12 yellowish orange due to D . The 
reagent below 6.5 is not used because extensive polymerization 
to the reddish brown product occurs, further the metal com-
plexes are also red and so the addition of this dye produces 
no clearly defined change in colnur. SpectrophotometriCv 
studies have been carried out and different maxima at different 
pH ranges have been observed' and it is further concluded that 
the best range for formation of metal complexes is pH 7-11 
where a brilliant colour change from blue to r "^ .^is observed. 
To keep the pH constant a buffer mixture is always added.• 
Eriochrome Black-T forms a number of complexes 
with many metals but the complexes mth Titanium (iii & iv) 
find little mention in the existing literature. Titanium (iii) 
chloride when added to an aqueous solution of Eriochrome 
Black-T produces a green solution but Titanium (iv) chloride 
gives this colour only in presence of alcohol. 
In the present investigations the Titanium (iii) 
chloride-Eriochrome Black-T complex was studied spectrophoto-
metrically employing Job's method, molar .ratio method and • 
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slope ratio method in aqueous medium. The solid product 
obtained by the addition of excess of titanium (iii) chloride 
to Eriochrome Black-T was also subjected to chemical analysis. 
The influence of pH on the composition of the complex was 
further studied by Job's method by carrying out experiments 
at pH, 4.2» 7.0, 9.0 and 12.0. The Titanium (iv) chloride-
Eriochrome Black-T complex was studied spectrophotometrically 
in the alcoholic medium. 
E_X_P_E_R_I_M_E__IM_T_A__L 
Solut ion of Titanium ( i i i ) ch lor ide was prepared 
as given e a r l i e r . For preparing M/500 so lu t ion of Eriochrome 
Black-T f 0.11525 gm. of the reagent was dissolved i n a 500ml 
s tandard f lask in double d i s t i l l e d a i r f ree water. The f lask 
was shaken well to d i sso lve the reagent completely and to get 
a homogeneous so lu t ion . Titanium ( i v ) ch lor ide il% so lu t ion 
B.D.H) was standardized as given previously and the so lu t ions 
of required s t rength prepared in alcohol from the concentrated 
stock so lu t ion i n water. 0.11525 gm. of Eriochrome Black-T 
was dissolved in a 500ml standard f l a sk in 98^ a lcohol . 
Vosburgh and Cooper method* I t was employed to 
determine the number of complexes formed. Mixtures of Ti ( i i i ) 
and Eriochrome Black-T in the r a t i o of 1 : i , 1S2, 1S3, 2:1 and 
3 !l were prepared by mixing the reagents of equimolecular 
concentra t ions (M/8000). C D . measurements were made i n the 
v i s i b l e range (350-650m ) with the help of Bosch and L.omb 
Spectronic-20^Ti( iv) mixtures were s tudied under s imi la r 
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conditions with the only difference that alcoholic solutions 
were employed (Table No.53 & 64 Fig. No.37 & 43). 
Job's Method* To-Cstudy the Titanium (iii) chloride 
Eriochrome Black^ complex* six sets were prepared. The optical 
densities of the mixtures of the two reagents and those of 
Eriochrome Black-T were determined and the difference plotted 
against volume. The results are given in Table No.54, 55 & 56 
and Fig. No.38. In the case of the Ti(iv) complex four sets 
were prepared using different concentrations (11/7000, M/8000 
and M/6000) of the reagents (Table No.65 &66) and optical 
.densities measured.(Fig. No.44) 
Molar Ratio Methods 2ml of Titanium (iii) chloride 
was taken in 12 test tubes and varying volumes (0.5,1.0,1.5, 
2.0, 3#0, 4, 5, 6, 7, 8 and 9ml) of Eriochrome Black-T were 
added, making the total volume 12ml by adding air free double 
distilled water. The same volumes of Eriochrome Black-T 
were taken in another set of 12 test tubes and the total 
volume made 12ml by adding requisite amount of air free double 
distilled water. The optical densities were measured and 
the difference plotted against the volume of Eriochrome Black»-T 
Three sets with different concentrations of the reagents 
(M/6000, M/8000 and M/lOOOO) were prepared. The results are 
given in Tables No.58 & 69 and Fig. Wo.40. The Titanium (iv) 
complex was studied under exactly similar conditions. Here, 
also, three sets were taken for carrying out absorption 
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measurements.. The resiilts are given in Table No.67, 68, 69 , 
and 70 and !gig« No.45 & 46. 
Slope Ratio Methods Two sets with M/6000 and 
M/8000 solutions of the reagents were prepared for studying 
the Titanium (iii) chlorid.e-Eriochrome Black-T complex. 4ral 
TiClo was taken in 12 test tubes and different volumes (0e5, 
1,0, 1.5, 2.0, 2,6,3, 4, 5, 6, 7, 8 and 9ml) of Eriochrome 
Black-T added making the total volume upto 14ml by adding 
requisite amount of water. The optical densities were noted 
and plotted against the volume of Eriochrome Black-T. Simi-
-larly 4ml Eriochrome Blaek-Twas taken "in 12 test tubes and 
different volumes (0.5, 1.0, 1.5, 2.0, 2,5, 3, 4, 5, 6, 7, 
8 and 9ml) of TiClo added making the total volume 12ml. The 
optical densities determined were plotted against the volume 
of TiClo* The slope of the two curves gives the ratio 
between the tv;o reactants. The results are given in Table 
IMo.57 and Fig. No.39 
To study the interaction of Titanium (iv) chloride 
by slope ratio method two sets were prepared. The actual 
volumes of the two reagents mixed along with their concen-
trations and the optical densities are given in Table No.71 & 
72 and plotted in Fig. No.47. Influence of pH: Assuming 
that variations in pH can bring about changes in the compo-
sition of US complex, the absorption maxima of the complex 
in different buffer solutions was determined. To 2ml of the 
complex (1J3) 8ml of the buffer was added and C D . measured 
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at different wave lengths. Such twelve mixtures (Table No.60 
and Fig. No.41) were examined and after the appropriate choice 
of the wave lengths, composition was determined by Job's method. 
Job's method at different pHJ Since the ionization 
of Sriochrome Blaek-T shows a marked change mth pH > it was 
thought plausible to study the Titanium (iii) chloride comp5.ex 
in four buffer midfctures of pH 4.2, 7.0, 9.0 and 12,0 because 
there was.the probability of the formation of of different 
complexes at thecd pH. For this purpose a universal buffer 
was prepared by preparing a solution containing M/25 HoBOg, 
M/25 HOPO/I and N/25 Acetic aaid and partially mentralizing it 
with N/5 NaoH. For one set 0.1, 0.2, 0.3, 0.9, 1.0 
and l.I)ail otS. Titanium (iii) chloride were taken in 11 test 
tubes and 1.1, 1.0, 0.9 0.3, 0.2 and 0.1ml of Eriochrome 
added. To each test tube was added 10ml of a pH buffer. Again 
the same volumes of Eriochrome Black-T were taken in 11 test 
tubes along with water corresponding to the volume of Tita-
nium (iii) chloride given above and 10ml of the pH buffer. 
we-»e 
The op t i ca l d e n s i t i e s measured and p lo t t ed according to J o b ' s 
mehhod. The r e s u l t s for ihe four s e t s a t four d i f f e r en t pH 
are given i n Table No.61 & 62 and F ig . No.42. 
Prepara t ion and Chemical ana lys is of the complexs 300ml of 
M / 5 0 0 Eriochrome Black-T was taken in a beaker and about 200ral 
of M/500 TiClo added dropwise when a reddish broi«i f locculent 
p r e c i p i t a t e appeared. The p r e c i p i t a t e was separated by means 
of a cent r i fuging machine, washed with d i s t i l l e d water severa l 
- 143 ~ 
_times» dr ied in a isfaeuum des icca to r over concentrated s u l -
phuric acid . The dr ied product was dark iDrbwrilsh- green-tn- -^ -
colour . I t was^KKQi'and Na^03 in a platinum c r u c i b l e . "Eita-
nium was p r e c i p i t a t e d by adding NH^ OH and sulphur estimated as 
Barium sulphate from the f i l t r a t e . The r e s u l t s of chemical 
ana lys i s are given Table No.63. 
- 144 -
Tab le No.53 
VOSBORGH COOPER METHOD. (aqueous raediuui) 
( T i t a n i u m ( i i i ) Eriochrome Black-fT Complex) 
Tube Ratio 







































































































































































































• 8 0 
. 6 4 
, 4 0 
. 1 4 
. 2 4 
. 7 2 
. 8 8 
. 2 0 
5 2 0 
0 . 9 S 
0 , 7 8 
0 . 6 1 
0 . 1 7 
0 . 2 6 
0 . 7 0 
0 . 9 1 
1 . 3 0 
5 6 5 
0 . 7 8 
0 . 6 2 
0 . 4 3 
0 . 1 5 
0 . 2 3 
0 . 7 2 
0 . 8 4 
1 . 1 0 
5 2 5 
0 . 9 9 
0 . 7 8 
0 . 5 1 
0 , 1 8 
0 . 2 6 
0 . 7 3 
0 . 9 3 
1 . 3 0 
5 7 0 
0 . 7 5 
0 , 6 0 
0 . 3 8 
0 . 1 2 
0 . 2 1 
0 . 7 0 
0 . 8 4 
1 . 1 0 
5 3 0 
0 . 9 5 
0 . 6 7 
0 . 5 0 
0 . 1 4 5 
0 . 2 5 
0 . 7 1 . 
0 . 9 1 
1 . 2 0 
5 7 5 
0 . 7 1 
0 . 5 8 
0 . 3 8 
0 . 1 4 
0 . 2 2 
0 . 7 1 
0 . 8 4 
1 . 0 5 
5 3 5 
0 . 9 1 
0 . 7 4 
0 . 4 7 
0 . 1 4 
0 . 2 5 
0 . 7 1 
0 . 9 1 
1 . 2 0 
5 8 0 
0 . 7 0 
0 .56 
0 . 3 6 
0 . 1 3 
0 . 2 1 
0 . 6 8 
0 . 7 8 
1 . 0 5 
5 4 0 
0 . 9 0 
0 . 7 1 
0 . 4 7 
0 . 1 6 
0 . 2 4 
0 . 7 1 
0 . 9 1 
1 . 2 0 
6 0 0 
0 . 5 6 
0 . 4 4 
0 . 3 4 
0 . 1 0 
0 . 1 7 
0 . 6 2 
0 . 6 8 
0 . 9 0 
5 4 5 
0 . 9 0 
0 . 7 1 
0 . 4 7 
0 . 1 4 
0 . 2 5 
0 i 7 2 
0 . 9 6 
1 . 2 0 
6 2 0 . 
0 . 4 4 
0 . 3 6 
0 . 2 5 
0 . 1 0 
0 . 1 6 
0 . 5 6 
0 . 6 0 
0 . 8 4 
5 5 0 
0 . 8 9 
0 . 7 1 
0 . 4 4 
0 . 1 4 
0 . 2 4 
0 . 7 2 
0 . 9 0 
1 . 2 0 
6 4 0 
0 . 3 1 
0 , 2 7 
0 . 2 2 
0 . 0 8 
0 . 1 3 
0 . 5 0 
0 . 5 2 
0 . 7 4 
5 5 5 
0 . 8 8 
0 . 7 0 
0 . 4 6 
0 .16 
0 . 2 6 
0 . 7 1 i 
0 . 9 2 
1 . 2 0 
6 5 0 
0 . 2 8 
0 . 2 5 
0 . 2 1 
0 . 0 8 
0 . 1 3 
0 . 3 9 
0 . 4 7 
0 . 6 8 
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Tab le No.54 
JOB'S METHOD 





































































Vol .o f 
•T,gx water 
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Tab le No.55 
JOB'S MEfHQD 
CEitanium ( i i i ) Eriochrome Black-T Complex) 
M/8000 M/10000 M/12000 
Tube O.D«of G.D.of D i f f e r - O.D.of O.B.of D i f f e r - O.D.of O.D. D i f f e r 
No. (A) (B) e n c e . (A) (B) enee . (A) of(B) ence . 
0 .025 0.09 0.06 
0 .065 0.16 0 .095 
0.16 0.25 0 .10 
0 .225 0.315 0.09 
0 . 3 1 0.94 0.120 
0 .42 0.545 0 .125 
0 .565 0.745 0 .18 
0 .60 0.84 0.24 
0 .67 0 .98 0 . 3 
0 .81 1.02 0 . 2 1 
















































0 . 225 
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Tab le No.56 
T O B ' S Iffi-THOD 
(Ti tan ium ( i i i ) Eriochrome Black~T Complex) 
M/12000 M/1600G 
Tube O.D.of O.D.of D i f f e r - O.D.of O.D.of D i f f e r -
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Tab le No.57 
SLiQPE miMQ imHEOD 
(T i tan ium ( i i i ) Eriochrome Black-T Complex) 















Vol .of one 
r e a g e n t 
added t o 
4ml of t h e 
o t h e r . 
0 . 5 
1.0 
1.5 
2 . 0 
2 . 5 
3 . 0 
4 . 0 
5 . 0 
6 . 0 • 
7 . 0 
8 . 0 
• 9 . 0 
Vol .o f 
w a t e r . 
9 . 5 
9 . 0 
8 . 5 
8 . 0 
7 . 5 
7 . 0 
6 . 0 
5 . 0 
4 . 0 
3 . 0 




















E r i o . 
B.T 













C D . 
when 
T iClo 













C D . 
when 
. E r i o . 
B.T 
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T.able No .58 
MOLAR RATIO $^ETHOD 
( T i t a n i u m ( i i i ) E r i o c h r o m e B l a c k - T Complex) 
Y o l . o f ¥ o l . o f O.D. V o l . o f ¥ o l . o f O.D. D i f f e r -
E r i o . B.T. w a t e r E r i o . B.T. w a t e r . e n c e . 
0 . 5 
1 . 0 
1 . 5 
2 . 0 
2 . 5 
3 . 0 
4 . 0 
5 . 0 
6 . 0 
7 . 0 
8 . 0 
9 . 0 
9 . 5 
9 . 0 
8 . 5 
8 . 0 
7 . 5 
7 . 0 
6 . 0 
5 . 0 
4 . 0 
3 . 0 
2 . 0 
1 . 0 
0 . 0 9 5 
0 . 1 7 
0 . 2 3 5 
0 . 2 8 5 
0 . 3 8 5 
0 . 4 5 
0 . 5 4 
0 . 6 7 5 
0 . 8 1 5 
0 . 9 1 
1 . 1 1 
1 . 3 1 
0 . 5 
1 .0 
1 . 5 
2 . 0 
2 . 5 
3 . 0 
4 . 0 
5 . 0 
6 . 0 
7 . 0 
8 . 0 
9 . 0 
1 1 . 5 
1 1 . 0 
1 0 . 5 
1 0 . 0 
9 . 5 
9 . 0 
8 . 0 
7 . 0 
6 . 0 
5 . 0 
4 . 0 
3 . 0 
0 . 1 0 
0 . 1 8 
0 . 2 5 
0 . 3 1 
0 . 4 2 
0 . 5 1 
0 . 6 0 
0 . 7 5 
0 . 9 0 
1 . 1 0 
1 . 2 0 
1 . 4 0 
0 . 0 0 5 
0 . 0 1 
0 . 0 1 5 
0 . 0 2 5 
0 . 0 3 5 
0 . 0 5 
0 . 0 6 
0 . 0 7 5 
0 . 0 8 5 
' 0 .09 
0 . 0 9 
0 . 0 9 
Vide F i g . No .40 
- / 5 1 ~ 
T a b l e No .59 
MOLAR RATIO I^THQD 
( T i t a n i u m ( i i i ) E r i o c h r o m e B l a c k - T Complex) 
M/8000 y^OOOO 
Tube O .D.o f O .D.o f D i f f e r - O . D . o f O .D .o f D i f f e r -
No. complex r e a g e n t e n c e . complex r e a g e n t e n c e . 
1 0 . 0 4 0 . 0 5 0 . 0 1 0 . 0 2 0 . 0 3 0 . 0 1 
2 0 . 0 9 5 0 . 1 0 0 . 0 1 5 0 . 0 8 0 . 1 0 0 . 0 2 
3 0 . 1 3 5 0 . 1 5 5 0 . 0 2 0 . 1 1 0 . 1 3 5 0 . 0 2 5 
4 0 . 2 2 0 . 2 5 0 . 0 3 0 . 1 4 0 . 1 8 0 . 0 3 5 
5 0 . 2 4 5 0 . 2 8 0 . 0 3 5 0 . 1 8 5 0 . 2 2 5 0 .04 . 
6 0 . 3 2 0 . 3 7 0 . 0 5 $ . 2 6 5 0 . 3 1 5 0 . 0 5 
7 0 . 4 5 0 . 5 1 0 . 0 6 0 . 3 5 0 . 4 1 5 0 . 0 6 5 
8 0 . 5 6 0 . 6 4 0 . 0 8 0 . 4 4 5 0 . 5 2 0 . 0 7 5 
9 0 . 7 1 5 0 . 8 0 0 . 0 8 5 0 . 4 6 5 0 . 5 5 0 . 0 8 5 
10 0 . 8 6 0 . 9 5 0 . 0 9 0 . 5 4 0 . 6 3 0.09* 
1 1 0 . 9 1 5 1 . 0 0 0 . 0 8 5 0 . 7 2 0 . 8 1 0 . 0 9 
12 1 .11 1 . 2 0 0 . 0 9 0 . 8 2 0 . 9 1 0 . 0 9 
V i d e F i g . N o . 4 0 
s'^-^fe* ^ i^'apTTi^'agr- -^agfe-- ^ V'S- 'p--g^wBvrrx?^^7i^'t^ -
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B u f f e r 
pH 
3 . 0 0 
4 . 2 0 
5 . 0 0 
6 . 0 0 
6 . 4 0 
7 . 1 0 
7 . 5 0 
7 . 9 5 
8 . 5 5 
9 . 1 0 
1 0 . 1 2 
1 1 . 5 0 
T a b l e N o . 6 0 
vOSiiURSH & GOOPBR METSSJD AT DIS'EEBEi^T pH, 
( T i t a n i u m ( i i i ) E r i o c h r o m e B l a c k - T Complex) 
2ml of M/5000 complex i n U S r a t i o 
(Ti"*" SErio .B.T.)+ 8cc b u f f e r s o l n . 
350 375 400 425 450 475 
0*245 0.19 0.17 0.17 0.18 0.16 
0.245 0.185 0.16 0.15 0.17 0.17 
0.25 0.20 0.18 0.185 0.185 0.180 
0.26 0.195 0.16 0.16 0.18 0.17 
0.32 0.23 0.19 0.19 0.22 0.19 
0.35 0.24 0.195 0.19 0.225 0.18 
0.33 0.21 0.17 0.17 0.18 0.17 
0.34 0.21 0.16 0.16 0.19 0.16 
0.35 0.23 0.17 0.17 0.185 0.16 
0.35 0.235 0.17 0.16 0.190 0.18 
0.38 0.26 0.18 0.17 0.20 0.17 
0.35 0.25 0.20 0.21 0.25 0.25 
- 153 
Table No.60 contd. 














0 . 2 1 
0 . 2 1 
0 » 2 1 
0 . 2 1 5 
0 . 2 4 
0 . 2 4 
0 . 2 2 
0 . 2 1 5 
0 . 2 0 
0 . 2 1 5 
0 . 2 2 
0o30 
0 . 2 2 5 
0o23 
0 . 2 4 5 
0o24 
0 . 2 6 
0 . 3 0 
0 .26 
0o24 
0 . 2 1 5 
0 , 2 5 
0o245 
0 . 3 3 
0 . 2 3 
0 . 2 3 5 
0 . 2 5 
0 . 2 4 
0 . 2 9 
0 . 3 2 
0 . 2 9 
0 . 2 6 
0 . 2 6 
0 . 2 6 5 
0 . 2 6 
0 . 3 5 
0 . 2 5 
0 . 2 4 
0 . 2 8 
0 . 2 7 5 
0 . 3 0 
0o34 
0o32 
0 . 2 9 
0o285 
0 . 3 0 
0 . 2 8 
0 . 3 8 
0 . 2 2 
0 , 2 3 
0»23 
0 . 2 4 
0 . 3 0 
0 . 3 4 
0 . 3 3 
0 . 3 1 
0 . 3 0 
0 . 3 1 
0 . 3 0 
0 . 3 8 
0 . 2 1 
0 . 2 3 
0o23 
0 . 2 4 
0<.32 
0 . 3 5 5 
0o36 
0 . 3 4 
0o32 
0c36 
0 . 3 4 
0 . 4 2 
0 . 2 1 
0 . 2 3 
0 . 2 2 
0o24 
0 . 3 0 




0 . 3 8 
0 . 3 7 
0»42 
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Table No.60 contd. 
Tube 550 555 560 565 575 600 650 
No. 
1 0.21 0.21 0.19 0.19 0.17 0.13 0.03 
2 0.23 0.23 0.22 0.22 0.20 0.16 0.06 
3 0.22 0.20 0.20 0.2 0.18 0.14 0.19 
4 0.24 0.24 0.24 0.23 0.23 0.19 0.11 
5 0.33 0.32 0.32 0.31 0.29 0.24 0.16 
6 0.385 0.375 0.38 0.39 0.36 0.33 0.22 
7 0.38 0.36 0.37 0.385 0.35 0.33 0.25 
8 0.38 0.36 0.38 0.385 0.37 0.37 0.31 
9 0.385 0.36 0.36 0.39 0.37 0.40 0.33 
10 0.39 0.38 0.40 0.40 0.39 0.40 0.32 
11 0.375 0.37 0.37 0.41 0.40 0.40 0.30 
12 0.45 0.40 0.40 0.41 0.38 0.29 0.17 
Vide F i g . No.41 
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Table No.61 
JOB'S mnmoD AT DIF^SREI^T PK. 














M/1000 so ln s . 
lOml of buffer + 
Vol.of + 
TiClg 
1 . 1 
1.0 
0 . 9 
0 . 8 
0 . 7 
0 . 6 
0 . 5 
0 . 4 
0 . 3 
0 . 2 
0 . 1 
¥ol .o f 
Erio.B.T 
0.1ml 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1.0 
1 . 1 














0 . 1 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 7 
0 . 8 
0 . 9 
1.0 




1 . 1 
1 .0 
0 . 9 
0 . 8 
0 . 7 
0 . 6 
0 . 5 
0 . 4 
0 . 3 
0 . 2 




























Vide P i g . No.42 
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Table No.62 
JOB'S METHOD (con td . ) 
(Titanium ( i i i ) Eriochrome Black-T Complex) 
Cencentrat ion M/'IOOO pH = 9»0 pH = 12 
pH = 7.0 
fube 0.D,of O.D.of Dif fer - CD.of O.D.of Dif- O.J!^ . O.D. D±f-
No. complex reagent ence complex reagent f e r - of of f e r -
enoe com- r e a - ence. 
p lex . gent . 
0.00 0.08 0.10 0.02 
0.01 0.145 0.175 0.03 
0.02 0.25 0.285 0.035 
0.03 0.32 0.36 0.04 
0.04 0.385 0.425 0.04 
0.04 0.43 0.48 0.05 
0.05 0.54 0.57 0.03 
0.06 0.64 0.67 0.03 
0.04 0.715 0.747 0.03 
0.03 0.77 0.78 0.01 
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Table No.63 
Chemical ana lys is of Titanium ( i i i ) chlor ide 
Erloehrome Black-^' Complex. 
Sample I 
Titanium = 6.1^=0.1270 




su lphur ) . 
TOTAL 9 9 o l 
Sample I I 
o/ f. 4.Q 
Titanium 6 .43^ 41 " ^'-^^ 
Erloehrome 92.71^ ^Aai^ = 0.2011 3 
Black T /^  ^^^ 
Empirical formula TigCErio. Black Tl)^ 
- 158 -
T a b l e Ko.64 
VOSBURGH & COOPER METHOD. 
( T i t a n i u m ( i v ) c h l o r i d e & E r i o c h r o m e 3 1 a c k - T Complex) 
Tube V o l . of Y o l . o f 370 380 390 4 0 0 410 
No. M/8000 M/8000 
T i C l 4 E r i o . B . T 
1 6ml 6ral 0.98 0.86 0»745 0,68 0.67 
2 4 8 l.*155 1.071 . 0.969 0.86 0.82 
3 3 9 1.222 1,155 1.046 0,959 
4 8 4 0.72 0.63 0,54 0,48 0.47 
5 9 3 0,55 0.497 0.41 0.36 0.335 
6 0 6 M/5000 0,44 0.41 0.40 0,45 
420 425 430 435 440 445 450 460 470 
1 0.64 0.62 0,62 0.62 0.624 0.592 0,592 0,58 0.558 
2 0.854 0.796 0,85 0.869 0,886 0.8184 0,854 0.839 0.854 
3 0.959 0.959 0.96 0.96 1.046 1.00 1.0046 1,023 1,0562 
4 0.448 0.44 0,425 0,405 0,37 0,38 0,37 0,34 0,31 
5 0.326 0,325 0.315 0.305 0.28 0.28 0.27 0.25 0.237 
6 0.43 0.435^ 0.48 0.47 0.525 0.59 
- 169 -
Table No.64 ( con td . ) 
Tube 480 490 500 510 520 530 540 550 
NO. 
1 0.575 0.60 0.638 0.675 0.70 0.7378 0.733 0.721 
2 0.893 1.0046 1=000 1.0877 1.097 1.097 1.046 1.046 
3 1.097 1.168 1.222 1.301 1.301 1.301 1.222 1.222 
4 0.318 0.32 0.34 0..34 0.38 0.43 0.44 0.45 
5 0.23 0.242 0.238 0.24 0.29 0.30 0.32 0.32 
6 0.62 0.70 0.77 0.79 0.82 0.82 0.78 0.695 
560 570 580 590 600 610 620 630 
1 0.733 0.721 0.721 0.699 0.69 0.638 0.602 0.538 
2 1.00 0.959 0.959 0.903 0.824 0.721 0.638 0.560 
3 1.550 1.0877 1.046 0.959 0.886 0.733 0.620 0.523 
4 0.47 0.49 0.505 0.52 0.518 0.495 0,48 0.44 
5 0.340 0.357 0.37 0.38 0.365 0.35 0.34 0.31 
6 0.65 0.58 0.505 0.445 0.34 0.26 0.195 
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Tab le No.65 
JOB'S MBIHCP. 





























Vol .o f 
E r i o . 

























Vol . of 
E r i o . 












^ max=6 00 oyyli 
V o l . o r 





































Vide F i g . No.44 
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f ^ b l e No.66 
J O B ' S METHOD* 
( T i a n i u m ( i v ) E r l o c h r o m e B l a c k - € Complex) 
M/7000 s o l n s . >max.600«>^M/8000 s o l n s . > m a x . 5 3 0 M/6000 s o l n s . >.max.600 
Tube O .D .o f O.D.of D i f - • O .D.of O .D .o f D i f - O . D . o f O.D.of Bht-
m» com- r e a - f e r - com- r e a - f e r - com- r e a - f e r -
p l e x . g e n t . e n c e . p l e x . g e i A . e n c e . p i e x . geni i . ence 
1 0 . 0 8 0 . 1 0 2 - 0 . 0 8 5 0 . 1 9 1 0 . 1 0 6 0 . 0 9 9 0 . 1 2 9 . -
2 0 . 2 2 0 . 1 8 5 0 . 0 3 5 0 . 2 2 5 0 . 4 8 0 . 2 5 5 0 . 2 5 0 . 2 0 2 0 . 0 4 8 
3 0 . 3 4 0 . 2 5 5 0 . 0 8 5 0 . 3 2 0 . 5 8 0 . 2 6 0 , 3 9 7 0 . 3 0 5 0 . 0 9 2 ' 
4 0 . 4 9 0 . 3 6 0 0 . 1 4 0 0»38 0 . 7 7 0 . 3 9 0 . 5 5 5 0 . 4 1 5 0 . 1 4 0 
5 0 . 6 2 0 . 4 5 3 0 . 1 6 7 0 . 5 1 5 1 .0276 0 . 5 1 2 6 0 . 7 5 0 . 5 2 0 . 2 7 
6 0 . 7 7 5 0 , 4 9 5 0 . 2 8 0 0 . 6 1 9 1 . 2 3 8 0 . 6 1 9 0 . 8 5 0 . 5 9 0 .26 
7 0 . 9 4 0 0 . 5 8 0 . 3 6 0 0 . 8 6 0 1 . 4 9 8 0 . 6 3 8 0 . 9 7 5 0 . 7 0 0 . 2 7 5 
8 1 . 0 5 6 2 0 . 6 7 0 . 3 8 6 2 1 .046 1 .699 0 . 6 5 3 1 .046 0 . 8 4 0 . 2 0 6 
9 1 .0046 0 . 7 5 5 0 . 2 4 9 6 1 . 3 9 8 2 . 0 0 0 . 6 0 2 1 .126 0 . 9 5 0 . 2 7 6 
10 l.OGO 0 . 8 8 0 0 . 1 2 0 1 . 6 1 1 - 1 . 0 9 7 1 .046 0 . 0 5 1 
1 1 1 . 0 5 0 0 . 9 2 0 0 . 1 3 1 1 2 . 0 0 1 , 0 9 7 1 .0817 0 . 0 1 5 3 
V i d e F i g . No .44 
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Tab le No.67 
MOLAR RATIO I'CEfHCD^ 
(Ti tan ium ( i v ) Eriochrome Black-T Complex) 






















































































3 . 6 
3.0 
2 . 6 
2 . 0 
O.D. 



























Vide F i g . No.45 
- 163 -
I Jab le No .68 
MOLAR RATIO I-ffiffHCD. 
( t i t a n i u m ( i v ) E r i o c h r o m e B l a c k - T Complex) 
2na of M/8000 T i C l ^ > m a x = 6 0 0 ^ y ^ 
Tube V o l . o f V o l . o f O.D. V o l . o f V o l . o f O.D. D i f f e r -
No. M/16000 a l c o h o l . M/16000 a l c o h o l ence i n 
E r i o . B . T . E r i o . B . T . C D . 
1 Iml 9ml 0 . 0 5 6 l in l 11 0 . 0 6 2 0 . 0 0 4 
2 2 8 0 . 1 1 2 1 0 0 .086 0 . 0 2 4 
3 3 7 0 . 1 8 5 3 9 0 , 1 3 8 0 , 0 4 ? 
4 4 6 0 . 2 4 4 8 0 . 1 9 0 0«05 
5 5 5 0 . 3 1 5 5 7 0 . 2 2 0 , 0 9 5 
6 6 4 0 . 3 6 6 6 0 . 2 5 0 . 1 1 
7 7 3 0 . 4 4 5 7 5 0 . 3 0 5 0 . 1 4 
8 8 2 0 . 5 0 8 4 0 . 3 4 0 0 . 1 6 
9 8 . 5 1 . 5 0 . 5 1 5 8 . 5 3 . 5 0 . 3 6 0 . 1 5 5 
1 0 9 . 0 1 . 0 0 . 5 3 5 9 . 0 3 . 0 0 . 3 8 5 0 . 1 4 0 
11 9 . 5 0 . 5 0 . 5 6 9 . 5 2 . 5 0 . 3 9 5 0 . 1 6 5 
12 1 0 . 0 0 . 0 0 . 5 9 1 0 . 0 2 . 0 0 . 4 2 0 0 . 1 7 0 
Vide F i g . N o . 4 5 
- 164 
Tab le No.69 
MOLAR RATIO' lETHOD-J 



























8 . 5 















0 . 5 
0 . 0 
4 
























8 . 5 














3 . 5 
3 . 0 
2.5 • 
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Tab le No.70 
MOLAR RATIO HEIHOD^ 
(T i tan ium ( i v ) Eriochrome Black-T Complex) 



















0 . 8 
J- • ^ 
1.6 
2 . 0 
ill* O 
3 . 0 
3 . 5 
4.0 
4 . 5 
5 . 0 




9 . 2 
8 . 8 
8 . 4 
8.0 
7 . 5 
7 . 0 
6.5 
6 .0 
5 . 5 














































Vide F i g . No.46 
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Table No.71 















(Ti tan ium ( i v ) Eriochrome Black-T Complex) 
2ml of 
Vo l .o f 
M/16000 









8 . 5 
9 . 0 
9 . 5 














0 . 5 














2ml of M/8000 E r i o 
Vol .o f 
M/16000 
T i C l ^ 
0.4ml 
0 . 8 
1 .2 
1 .6 
2 . 0 
2 . 5 
3 . 0 
3 . 5 
4 . 0 
4 . 5 
5 . 0 
5 . 5 
Vol .o f 
Alcohol 
9.6ral 
9 . 2 
8 . 8 
8 . 4 
8 . 0 
7 . 5 
7 . 0 
6 . 5 
6 . 0 
5 . 5 
5 . 0 















Vide P i g . Wo.47 
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f a b l e No.72 
SLOPE RAJIO METHOD. 















2ml of M/4000 TiCl^ 
Vol.of 














































max eoo-^^ '/. 
2ml of M/4000 Erio.B 




0 . 8 
1.2 
1.6 
2 . 0 
2 . 5 
3 . 0 
3 . 5 
4 .0 
4 . 5 
5 . 0 




9 . 2 
8 . 8 
8 . 4 
8.0 
7 . 5 
7 . 0 
6 .5 
6 .0 
5 . 5 
5 . 0 















Vide F i g . No.47 
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¥osburgh and Cooper method shows maximum afeeorption 
at 525m/UtoT the Titanium (iii) chloride-Erioehrome Black-T 
complex and for Eriochrome Black•€ itself in aqueous medium. 
The Job's method of continuous variations* gives a ratio of 
1:3 (Ti • Eriochrome Black-!!?) which is confirmed by molar 
ratio and slope ratio methods. It has been reported in 
literature (see general Introduction) that Eriochrome Black-T 
may be represented as an ionic species H ^ ~ in aqueous medium 
in the pH range 1-6.5. The ratio of 1«3 (Ti : Eriochrome 
Black-T) appears to be quite plausible in the case of Ti(iii) 
which invariably contains a little hydrochloric acid. 
Although the sodium sulphonate group ionizes but the ionization 
of the two OH groups is hindered in acidic medium. The two 
nitrogen atoms satisfy the coordination number of titanium. 
The structure of the complex has been delineated belows 
- ^ A ^ H 
pu 
< 
The absorpt ion^is d isplaced with pH. I t l i e s a t 
525m^at pH3-6.4, a t 565m^at pH7.1-10.1 and a t 550m^at 
pH 1 1 . 5 . This ind ica tes the formation of d i f f e ren t complexes 
a t d i f f e r en t pH values . , J o b ' s method a t pH 4 . 2 , 7 .0 , 9 .0 & 
12.0 gives the r a t i o s of 1:3, 1:2, 3L:2 and l : l (Ti'^''": E r i o -
- 169 -
chrome Black-T r e s p e c t i v e l y . The following may be the 
s t r uc tu r e s of the complexes. 
1, At pH 4,2 in the r a t i o of U S (Ti*. Eriochrome Black-^) 
Ti" '^^ '^  + 3H^ ' •^  Ti ( H ^ 3 ; 3 
PH CiW 




2. At pH 7.0 and 9.0 in the r a t i o of l : 2 ( T i : Eriochrome Black-T) 
Ti-^++ + 2 HD~ -^
-^ Ti (HD); 
In this structure the negative oxygen atom satisfies 
one primary and one secondary valency of titanium simulta-
neously. 
3. At pH 12.0 in the ratio of HI 
- 170 
Chemical analysis of the solid product gives 
the ratio of 2S3 between titanium (iii; and Eriochrome 
Black-T. The compound is free from chlorine. Unlike 
the soluble complex the compound is insoluble in water 
and shows sufficient stability. It may exist as inner 
complex. The following structure may be suggested. 
/^o, 
SOi 
In the study of the complex formation between 
Titanium (iv; chloride and Eriochrome ±3lack-T, the vosburgh 
and Cooper method gave the maximum absorption at 530 and 
eoOm^for the complex and at 530^for Eriochrome Black-^ 
in alcoholic solution. From the stuay of the complex at 530 
and 6 u 0 m A b y Job's metnod and molar ratio method, the ratio 
of 1:2 (Ti • Eriochrome Black-^) was obtained. The slope 
ratio method at 530 coula not give useful information. The 
structure of the complex may be J 
'0^ 
N = N 
-T-<; 
A L I Z A R I w E S U L P H 0 AN A T E C O M P L E X . 
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I_w_T_R_0_D_U_CJi'_I_0_i:v 
Alizarin Hea's form coloured complexes mth several 
rare earths viz. Ytibrium, Lant-iianum, Praesodymium, Heodymium, 
Samarium, (iadolinium, Europium, and Terbium. Complexes with 
Scandium, Yttrium, Tit-anium, Zirconium, Thorium, lead, alumi-
ni.um. Copper, indium and molytodate ioja-ihave been studied and 
the metal J ligand ratio determined (See General Introduction.> 
Titanium (iii; chloride reacts -with alizarin sulpho-
-i\ate in aqueous solution producing red coloured complex which 
does not-find mention in existing literature. It was studied 
spectrophotometrically using only Job's method of continuous 
variations. 
Preparation of solutions: The aqueous solution of 
titanous chloride was prepared as usual and for preparing 
M/500 solution of alizarin siilphoBate, 0.171 gm. of it was 
dissolved in double distilled water in a 250ml flask. Solutions 
of different concentrations of alizarin sulpho^ate were pre-
pared from this stock solution. 
Vosburgh and Cooper Methods For ascertaining the 
• number' of complexes formed between Titanium (iii) chloride 
and alizarin sulphonate in aqueous medium, Vosburgh and Cooper 
method was employed. For this purpose mixtures of alizarin 
- 172 
sulphonate (M/2000) and Titanium (iii) chloride (M/2000) 
in the molar ratio of 1*1, 1S2, U S , 2J1 and 3^1 were taken 
and their optical densities determined at wave lengths in 
the visible range. Similarly the optical densities of 
M/2000 alizarin sulphonate were determined at these wave 
lengths. These have been given in Table No.73 and Fig. No.48 
Job's Meibhod! Three sets were prepared using 
different concentrations (M/2500, M/3000 and M/4000) of the 
reagents. The complex was studied at 430m/^. For one set 
the solutions were prepared as given below* 
1) 11ml, 10ml, 9ml 3ml, 2ml and 1ml of 
Titanium (iii) chloride solution was mixed with 1ml, 2ml, 
3ml 9ml, 10ml and 11ml of alizarin sulphonate 
solution. 
2) 1ml, 2ml, 3ml .--9ml, 10ml and 11ml of 
alizarin sulphonate solution was mixed with 11ml, 10ml, 
9ml 3ml, 2ml and 1ml of double distilled water. 
The optical densities were measured by Bosch and 
Lomb spectronic-20. The results have been given in Table No.74 
and Fig. No.49. 
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T a b l e N o . 7 3 
• VOSBURGH AMD COOPER 'KETHOP. 
( T i t a n i u m ( i i i ) a l i z a r i n s u l p h o n i c a c i d c o m p l e x ) 
M/2000 WAVE LEWGTHS 
Tube T i C l o A l i z a r i n 375 390 4 o o 4 1 0 4 2 0 4 3 0 
No. Red S . 
1 6ml 6ml 0,602, 0.67 0.688 0.757 0.783 0.796 
2 4 8 0.6398 0.6218 0.921 0.940 1.046 1.046 
3 3 9 0.790 0.886 0.940 1.00 1.097 1.126 
4 8 4 0.456 0.420 0.398 0.409 0.420 0.432 
5 9 3 0.357 0.292 0.260 0.264 0.268 0.268 
6 6 0.5218 0.602 0.658 0.745 0.783 0.824 
440 450 460 470 480 490 500^ 
1 0.745 0.699 0.638 0.569 0.509 0.444 0.392 
2 1.00 0.886 ,0.770 0.678 0.577 0.482 0.4178 
3 1.046 0.940 0.796 0.678 0.770 0.444 0.357 
4 0.409 0.420 0.409 0.409 0.409 0.432 0.420 ^ 
5 , 0.256 0*275 0.280 0.292 0.319 0.328 0.347 
6 0.733 0.678 0.545 .0.420 0.310 0.222 0.166 
174 -
T able No.73 (con td . ) 
Tube 510 520 630 540 550 560 570 580 
No. 
1 0.359 0.339 0.310 0.284 0.256 0.233 0.188 0.155 
2 0.360 0.328 0.292 0.272 0.240 0.239 0.194 0.1708 
3 0.312 0.271 0.229 0.222 0.197 0.183 0.149 0.125 
4 0.398 0.404 0.359 0.360 0.310 0.286 0.222 0.187 
5 0.343 0.332 0.318 0.292 0.260 0.237 0.190 0.149 
6 0.097 0.097 0.061 0.061 0.046 0.465 0.041 0.032 
590 600 610 620 630 640 650 
1 0.151 0.114 0.107 0.092 0.071 0.056 0.051 
2 0.157 0.119 0.120 0.108 0.088 0.066 0.066 
3 0.131 0.097 0.086 0.097 0.071 0.046 0.058 
4 0.175 0.131 0.111 0.114 0.086 0.067 0.068 
5 0.143 0.199 0.081 0.1005 0.066 0.036 0.051 
6 0.051 0.027 0.027 0.041 0,034 0.018 0.034 
^ maximum .-- 430 m 




JOB'S I^ iETHOD, 








































































































See F i g . No.49. 
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Tab le No.75 
JOB'S HETHOP. 
(Ti tan ium ( i i i ) a l i z a r i n su lphon ic a c i d complex) 














3 O .D .o f 
Com-
p l e x . 
0 . 1 1 4 
0 . 2 3 7 
0 . 2 9 6 5 
0 . 4 3 4 4 
0 . 4 8 9 8 
0 . 6 2 9 
0 . 7 3 3 
0 . 8 1 0 
0 . 9 5 5 
1 . 0 0 0 
1 . 1 1 4 
0 .D . of 
A l i z a -
r i n . 
0 . 2 1 5 
0 . 2 4 1 
0 . 3 0 4 5 
0 . 4 6 4 4 
0 . 5 3 4 3 
0 . 7 1 1 
0 . 7 5 9 
0 . 8 2 4 
0 . 9 6 5 
1 . 0 0 3 
^ 
D i f f e r -
e n c e i n 
O.D. 
0 . 1 0 1 
0 . 0 0 4 
0 . 0 0 8 
0 . 0 3 0 
0 . 0 4 4 5 
0 . 0 8 2 
0 .026 
0 . 0 1 4 
0 . 0 1 0 
0 . 0 0 3 
— 
0 . D . of 
Com-
p l e x . 
0 . 1 0 2 
0 . 2 2 9 
0 . 3 3 7 
0 . 4 7 6 8 
0 . 5 5 3 7 
0 . 6 7 8 0 
0 , 7 4 8 
0 . 9 2 1 
1 . 0 3 6 8 
1 .1684 
1 . 3 0 1 0 
O.D.of 
A l i z a -
r i n . 
0 . 1 0 6 
0 . 2 7 8 
-
0 . 5 2 8 5 
0 . 6 0 6 7 
0 . 7 4 0 ' 
0 . 7 9 2 2 • 
0 . 9 5 6 
1 . 0 5 8 8 
1 .1714 
1 . 3 0 6 0 
D i f f e r e n c e 





0 . 0 5 3 0 
0 . 0 6 2 0 
0 . 0 4 4 2 
0 . 0 3 5 
0 . 0 2 2 
0 . 0 1 3 
0 . 0 0 5 
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D I S C U S_S I 0 W 
¥o'St)iirg]i Cl5oper me^RoS lDeafs""l,he tes"-timony "to 
the formation of a single complex under the usual conditions 
of colorimetric analysis in aqueous medium and also shows 
that the maximum absorption eecurs at 430m/6. Job's method 
of continuous variations indicates a molar ratio of IJl for 
the two reagents. This ratio has been reported for its 
complexes with many trivalent ions e.g. scandium, Yttrium 
and Aluminium. 
It seems that both the phenolic OH groups ionize 
together mth the sodium sulphonate so that three negative 
charges are produced on one alizarinesulphonate molecule. 
The three positive charges on titanium (iii) ion counter-
balance the three negative charges on alizarinesulphonate. 
The following structure may be visualized. 
o" 
The above structure shows that the Titanium (iii)-
alizarine sulphonate is a simple salt but it is in conformity 
with the results of a number of researchers v;-ho have mentioned 
salt like compounds of alizarine sulphonate mth many metal 
ions (Vide General Introduction). 
2_R_I_0_C_H_R_0_M_E B_L_U_E B_L_A_C_K R - C_0_M_P_L_E_X. 
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I_^_T_R_0_D_U.C_T_I_0_W 
Eriochrome Blue Black-R is one of those dyes which 
have received very little attention in so far as the study of 
their metal complexes is concerned. The complexes with 
calcium and magnesium have been studied by Job's method of 
continuous variations and a ratio of HI has been established. 
Neolan Blue B and Palatine Fast Blue BK» the well knovm dyes, 
are the complexes of Eriochrome Blue Black4i with chromium. 
Eriochrome Blue Black-R forms a green coloured complex 
with Titanium (iv) chloride in alcoholic medium and a beautiful 
blue coloured complex with vanadium sulphate in aqueous medium. 
The first complex was studied spectrophotometrically using Job«Js 
method and slope ratio method but the latter complex is under 
study and is not being described in thid thesis. 
E_X_P_E_R_I_M_E_N_T_A_L 
0.296 gm. of Eriochrome Blue Black-R was dissolved 
in a 500ml f lask in 9 ^ alcohol to obtain M/500 so lu t ion from 
which so lu t ions of various concent ra t ions were prepared by 
proper d i l u t i o n m t h 98fo a lcohol . Solut ion of Titanium ( i v ) -
chlor ide was prepared as u sua l . 
Vosburgh and Cooper Methods I t was employed to 
a sce r t a in the number of complexes formed. Mixtures of 
Titanium ( i v ) chlor ide (M/lOOOO) aM^Eriov'Bluemi&ck-BtM/iOOOO) 
. - 179 -
were prepared in the molar r a t i o of i : i , 1:2, U S , 2:1 and 
3:1 and t h e i r op t i ca l d e n s i t i e s along with those of Eriochrome 
Blue Black-R so lu t ion were determined a t wavelengths in the 
v i s ib l e range. The op t i ca l densi ty of so lu t ions of Titanium 
( i v ; chlor ide i s neg l ig ib le because the compound i s colourleiss. 
The r e s u l t s are given in Table No.76 and F ig . No.50. 
J o b ' s method^ The complex was s tudied at 530 and 
590m^using J o b ' s method of continuous v a r i a t i o n s . Many s e t s 
were prepared but only two have been given. The amounts of 
the metal s a l t and the dye mixed as also the op t i ca l d e n s i t i e s 
of these mixtures are given in Table No.77 & 78 . The curves 
are given in F ig . No.51. 
Slope Ratio Method: The method was employed t o 
confirm the r e s u l t s of J o b ' s method. For t h i s purpose the 
following so lu t ions were prepared. 
1) 6ml of Eriochrome Blue Black-R (M/lOOO) was taken 
in 12 t e s t tubes to ^-rhich varying volumes ( 0 . 5 , 1.0, 1.5—• 
5.5 and 6.0ml) of Titanium ,(iv) ch lor ide (M/lOOO) were added . 
making the t o t a l volume in each tube constant i . e . 12ml by 
adding r e q u i s i t e volume of 98% alcohol . The op t i ca l d e n s i t i e s 
of these so lu t ions were determined and p lo t t ed against the 
volume of Titanium ( i v ) ch lo r ide . 
2) 6ml of Titanium ( i v ) ch lor ide (M/lOOO) was taken 
in 12 t e s t tubes to ^*iich varying volumes v iz . 0.5, ' 1.0, 1.5 — 
5,5 and 6.0ml of Eriochrome Blue Black-R (M/lOOO) added 
- 180 ~ 
making the total volume 12ml in each tube as x\rritten above. 
The optical densities were determined and plotted against 
the volume of Eriochrome Blue Black-^. 
The ratio of sloDe between the first and second 
curves is the proportion in which the molecules of Titanium(iv) 
chloride and Eriochrome Blue Black-B, react together forming 
this complex. The results are given in Table No.79 and 
Fig. No.52. 
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T a b l e No.76 
VOSBURCiH Am COOPER I'^ THOD > 
( T i t a n i u m ( i v ) - E r i o c h r o m e B l u e B l a c k - R c o m p l e x ) 
M/lOOOO s o l n s . Wave L e n g t h s . 
Tube V o l . of V o l . of 350 360 370 380 390 400 
No. E r i o . T i C l ^ 
1 6ml 6ml 0.63 0.62 0.675 0.65 0.66 0.61 
2 8 4 0.95 0.96 0.79 0.82 0,76 
3 9 3 0.69 0.77 0.68 0.63 0.64 0.68 
4 4 8 0.46 0.50 0.53 0.50 0.36 0.38 
5 3 9 0.32 0.37 0.38 0.36 0.31 0.33 




























































































































































































^max.?=fe 530 and 590ryX 
(See F i g . No.50) 
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(Ti tan ium ( i v ; Eriochrome Blue Black Complex) 
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Vide F i g . No. 51 
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Tab le No.78 
JOii 'S METHOD. 











































































































See F i g . No .51 . 
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SLOPE RATIO mSBQD' 















V o l . 
E r i e 




1 . 0 
1 . 5 
2 . 0 
2 . 5 
3 . 0 
3 . 5 
4 . 0 
4 . 5 
5 . 0 
5 . 5 















' Vol. of 
Alcohol 
5.5ml 
5 . 0 
4 .5 
4 .0 
3 . 5 
3 . 0 
2 . 5 
2 . 0 
1.6 
1.0 
0 . 5 





















2 . 6 
3 . 0 
3 . 5 
4 .0 
4 . 5 
5 . 0 
5 . 5 
6 .0 
Vol.of 

















5 . 0 
4 . 5 
4 . 0 
3 . 5 
3 . 0 



















Vide P i g . No.52 
^ _ ^ - . » ^ » . ^ M - . ^ ^ ^ M j ^ . . - • . ^ « » , . . • « « . ; . ^ ^ . • - > ^ - ^ - - ^ ^ M ^ ^ ^ • | ^ 
=^ ^-^V' , » " ' ^ , 
d^ 
, jS»Ssi . - .E-* oiterf.34Hii.«s,;sB 
-d?,.' «-, 
- 186 -
Vosburgh and Cooper method indicates maximum absor-
bance at 530 and 590m//-» Job's method at these wavelengths 
gives evidence for the formation of a single complex in the 
molar ratio of 1*2 (Titanium (iv) chloride? Eriochrome Blue 
Black-R). The same ratio emerges from the studies of slope 
ratio method performed at 590m/^. Slope ratio method at SSOmx^ 
failed to give any result. 
Since the pK^ » and pKp for the two OH groups of 
Eriochrome Blue Black-B at 0.008 and 0.08 ionic strengths 
have been reported to be 6.2 and 12.6 respectively and secondly 
because the experiments described in this thesis for the study 
of Titanium (iv) chloride-Eriochrome Blue Black-R Interaction, 
¥ere performed in alcoholic medium, it is quite logical to 
concEvvve the ionization of only one OH group of the ligand. 
Morgan and Main Smith (See General Introduction) have assigned 
to the cobaltic and chromic complexes of Eriochrome Blue Black-R, 
structures in which only one hydroxyl group takes part in 
chelation with metal atom. 
In the Titanium (iv) Eriochrome Blue Black-R complex, 
two ligand molecules provide four negative charges which are 
counter-balanced by the positive charges on the tetravalent 
Titanium ion. The two nitrogen atoms together with the 
oxygen atom contribute towards fulfilling the 6 coordination 
number of Titanium. The follomng structure IB suggested. 
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R_E_S_UJ1.E. 
Among the metallic ferro and ferricyanides, the 
study of titanium complexes was taken only recently in this 
laboratory. The results were not conclusive but interesting and 
therefore the composition of the complexes between TiCl^ and 
ferro and ferricyanides and between TiCl^ and ferrocyanide was 
found by chemical analysis. The complexes were prepared by 
mixing the reactants in IJI ratio* c'entrifuging and washing 
the precipitates with 50% alcohol, absolute alcohol and ether 
respectively and drying in a^ acuum desiccator. The composition 
of the three complexes is given by the formulae KTi-'--^ -^ Fe-^ (^GN)g, 
Tl^'^^Fe^^^iCN)^ and Ti^ F^e^ -'-(CN)g. A colloidal solution of 
Titanic ferrocyanide was prepared by adding 50ml of TiCl^ 
(containing 0.76 cc of 0.1 N) slowly with constant stirring. 
This sol containing titanic and ferrocyanide in the ratio of 
0.89 si was fairly stable in the undialysed state and was used 
for coagulation studies. The sol was negatively charged. The 
coagulating power of the different electrolytes was found to be 
in. the following order,: 
AlGlgS BaClgN CaClgX MgClgX KCl)y NaCl 
KCl]> KCKS\ KBrN KlA KNOg^ KaCl 
Both the cations and anions exert considerable 
influence on the coagulation of this sol. 
Adsorption of the respective reactants on the com-
plexes was studied. The adsorption of TiCl^ on KTi^ -'--^ Fe^ -^ (CN)g 
- 188 -
and Tl^'^'^Fe^^^icn)^ and that of TiCl^ on Ti^Ve^-^(GN)g follows 
Freundlich adsorption isotherm but the, adsorption of ferro and 
ferricyanide on the respective complexes is negative. 
Hydrolytic properties of the complexes were also 
studied and KTi-'--^ -'-Fe-^ -^ (CN}g and Ti-^ F^e-^ -'-(CK)g were found to 
TTT TTT 
hydrolyse to a large extent. The Ti-^ -^ -^ Fe-^ -^ -^ (CN)^  showed 
« 
negligible hydrolysis. 
After finding out the composition of Titanium ferro-
cyanogen complexes by chemjcal analysis, and studying their 
adsorptive and hydrolytic properties and the coagulation of 
titanic ferrocyanide sol, it was considered worthwhile to study 
these interactions by direct and reverse conductometric thermo-
metric and potentiometric titrations. The composition of the 
complexes found by chemical analysis was confirmed and several 
other adsorption compounds were found to form i.e.J 
j^_IIIj,gII(QJ^ ^^ ^ TiClg 
2 Ti^^%e^-'-'^(CN)Q. TiCl^ 
2 Ti^^%e^^-^(CN)Q. TiGlg 
2 Ti^^^Fe'^^^CCN)^. 2 TiCl^ 
2 Ti^ ^^ Fe^ '^ -^ (CN)g» K3 Pe(CN)g 
Ti^%e^^(CN)g. TiCl^ 
2 Ti^%e^^(CN)g. K^FeCGN)^ 
These results confirm that positive adsorption of 
both titanium ion and ferrocyanogen ions occurs in the freshly 
- 189 -
precipitated state but it is also found that the metal ion 
is more strongly adsorbed than the ferrocyanogen ion a 
unique behaviour in metal complexes of alkali ferrocyanides. 
Ghromotropic acid forms a red coloured complex mth 
Titanium (iii) chloride? which does not find any mention in 
the existing chemical literature. The complex was studied 
spectrophotometrically. To ascertain the number of complexes" 
formed between TiClo and chromotropic acid in aqueous medium, 
Vosburgh and Cooper method was employed* which indicated 
maximum absorption at 350 and 440m^for the complex and also 
for chromotropsiG acid. TiClo at high dilution becomes colour-
less and shows no appreciable absorption. Job's method of 
continuous variations, molar ratio and slope ratio methods 
gave a molar ratio of 1^3 (Ti: chromotropic acid). The 
complex was found to be formed at almost all pH values. When 
,acetone was added to a solution of Titanium (iii) chloride 
and chromotropic acid in the ratio of 153, a solid product 
was obtained which was washed with acetone and dried in a 
vacuum desiccator.' The dried compound was fused with KHSO^ 
and analysed for titanium. From the % age of titanium the 
following formula was suggested. 






In the case of Ti(iv) chloride-<*.hromotropic acid 
interaction the saime methods as given above were employed. 
The ^ max.was 455ro^and the ratio between Titanium (iv) chloride 
and chromotropic acid was 1J2. It vras found that the complex 
co'old exist at pH 3—S. I'he structure of the-complex may hel 
The solid complex obtained in this case was also 
chemically analysed but with the % age of titanium determinedj 
no formula could be suggested. However the two solid compounds 
obtained by the addition of acetone to the mixtures of TiCl^ 
and chromotropic acid and TiCl^ and chromotropic acid have 
been sent for chemical analysis. 
The Titanium (iii) Cacotheline complex has not been 
reported in literature. The complex showed maximum abeorbance 
at 400m^ and the Job's method* molar ratio and slope ratio 
methods gave a molar ratio of 1^ 3 (Ti "^  i ligand). '-^'he follow-




The aol id compound on analys is shows a r a t i o of 




Dithizone forms characteristically coloured compounds 
with many metals but the complex with Titanium (iii) chloride 
has not been studied so far. Titanium (iii) chloride foi"ms 
a green coloured complex with dithizone in alcoholic medium.. 
It showed maxiimim absorbance at 426 and 595nw^for the complex 
and at 450 and 595m^for dithizone. The Complex was studied 
by Job's method, molar ratio and s3..ope ratio methods at 425m/<. 
IxjJeriments were not performed at the second raamima i.e.595m/^ 
since there was marked absorption of dithizone itself at this 
wave length. A ratio of 1:3 (metal s ligand) emerged from 
these three methods. Dithizone exhibits keto-enbl tautomerism. 
The tridentate enol form exists in alkaline medium where as 
the bidentate keto form is possible in acidic and neutral 
medium. Since the medium was on the acidic side in the experi-
ments described here* it is definite that the complex under 
study is formed with the keto form of dithizone. 1'he following 
structure is suggested. 
v 








No solid complex could be isolated by the addition 
of acetone to the mixture of dithizone and titanous chloride. 
Alizarin forms a number of coloured compounds with 
metal salts but that titanium (iii) chloride .finds no reference 
in literature. On mixing alcoholic solutions of alizarin and 
titanium (iii) chloride, a green colour develops immediately 
but soon changes to red. This red coloured complex was studied 
spectrophotometrically. The wave length of maximum absorbance 
was 435m^for the complex and alizarin. Job's method and 
slope ratio method give a molar ratio of 1*3 (metal J ligand). 
It seems probable that in alcoholic solution only one OH group 
in alizarin ionizes and then coordination with one doubly 
bonded oxygen occurs. The coordination number of titanium is 
satisfied. The following structure may be assigned to the 
Titanium (iii) alizarin complex in alcoholic medium. 
0 
/ < ^ 
OH 
- 3 
The solid complex obtained by the addition of acetone 
does not give t e s t for chloride radical . Chemical analysis 
revealed a combining ra t io -of i s l for the two reactants . The 
- 193 
following structure has been suggested for the complex. 
-^ OH 
IM 
Eriochrome Blue Black-T i s an important dyestuff 
and has remarkable a b i l i t y %i6 form complexes >jith met-al ca t ions 
but i t s complexes vjith Titanium ( i i i & iv ) f ind l i t t l e mention 
i n ex i s t i ng l i t e r a t u r e . The complex m t h TiCl^ was s tudied in 
aqueous medium a t the wave length of maximum absorption i . e . 
525iri{Zby J o b ' s method, molar r a t i o and slope r a t i o methods 
which exhibi ted a combining r a t i o of 1*3 (Titanium ( i i i ) 
c h l o r i d e : Eriochrome Black-T) . The s t r u c t u r e suggested has 
been de l inea ted belows 
N -: 
L_ iNOj, 3T. 
The absorpt ion maxima i s d isp laced by varying the 
pH and l i e s a t 525m/4 565m/^and 550m^at pH 3 -6 .4 , 7 .1-10.1 
and a t 11 .5 r e spec t i ve ly . I t has been repor ted in l i t e r a t u r e 
- -2 
t h a t the dye can be represented as HJD a t pH 1-6 .5 , as HD 
a t pH 7-11.5 and as D~^ a t pH above 12. This means t h a t 
d i f f e r e n t complexes are formed a t d i f f e r en t pH values . The 
complexes were therefore s tudied by J o b ' s method a t pH 4 . 2 , 
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7.0, 9.0 and 12.0 when ratios of 1:3, 1:2, 1:2 and i:i 
(Ti . Eriochrome Black-T ) respectively emerged, '^'he 
follovdng structures are suggested for the various complexes. 
1. At pH 4.2, in the ratio of 1:3 (Ti^ ,"^ : Eriochrome Black-T ) 





2. At pH 7.0 and 9 . 0 , i n the r a t i o of 1*2 ( T i : E r i o . ) . 
Ti"^*"^ + 2 HD"^ ^ Ti (HD)^ 
3 . At pH 12,0 in the r a t i o of 1:1 (Ti: . E r i o ) , 
Chemical ana lys is of the s o l i d product obtained 
by mixing excess of TiCl^to Eriochrome Black-T showed a r a t i o 
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of 2:3 (Ti"^ "^ : Erio.). 
suggested* 
The following structure has been 









"^  The T i ( i v ) ch lor ide forms a green complex vi th 
Eriochrome Black-T in a lcohol ic medium. Vosburgh and Cooper 
method shows maximum atosorbance a t 530 and 600m^for the 
complex and at 530m^for Eriochrome Black-T in a lcohol ic 
s o l u t i o n . The complex was s tud ied a t 530 and 600m/6by J o b ' s 
method* molar r a t i o and slope r a t i o methods. I n these methods 
a molar r a t i o of 1J2 (Ti ^ : E r i o . ) emerged. However slope 
r a t i o method at 600m^could not give w'seful r e s u l t s . The 
following s t ruc tu re i s proposed. 




Alizarin Red-.-^^ forms coloured complexes with 
several rare earths, Ti''"'^ , Zr^"^, Th^"^ etc. but its complex 
with Titanium (iii) has not been mentioned in literature. 
This complex is red in colour and shows maximum absorbance 
at 430m . Job's method at this v;ave length gives a 
combining ratio of HI for the two reagents. The following 
structure has been suggested: 
0 
Eriochrome Blue Black-R i s one of those dyes 
whose metal complexes have not been.explored in l a rge number. 
Titanium ( i v ) chlor ide r e a c t s with Eriochrome Blue Black-R 
forming a b lu i sh green complex in a lcohol ic medium. The 
complex shows maximum absorbance a t 530 and 590m^. I t was 
s tudied by J o b ' s method and slope r a t i o method which ind ica ted 
a r a t i o of 1S2 (fi'^'^: E r i e ) . The following may be the 
s t ruc tu re of the complex. 
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INVESTIGATIONS based on the determination of pH values of soil under changing 
physical, chemical and biological conditions, present a complex yet interesting 
aspect of study. In spite of the fact that a number of workers (Daikuhara,i 
Kappen,^ Paver and Marshall,^ Page,* Magistad,^ Kelley and Brown,^  Mattson' 
and Mukherjee et al.^) have tried to find out the factors responsible for changes 
in the pH of the soils, the problem is still in a controversial stage and no unanimity 
of opinion regarding the nature of the reactions responsible for the variations is 
to be found. The various views are (i) hydrolysis of exchanged aluminium and 
iron ions, (ii) replacement of H ions by the added salts which in their turn dis-
solve aluminium or iron oxide present in the soil, and (iii) the influence of CO^' 
concentration in soil water system. 
Besides determining the changes in pH and conductivity, another interesting 
method which could be employed for studying and characterizing the soil, is to 
observe their b.e.c. The method has been successfully used by a number of 
workers, namely, Hissink,* Smith," Kelley and Brown," Page and WilUams.i^  
Crowther and Basu^* Vnd Gedroiz." 
Mukherjee and co-workers^^ as also Rai Chowdhury" have extensively worked 
on the electrochemical properties and b.e.c. of the Indian soils as well as bentonite 
clays and have estabhshed interesting results correlating the properties of such 
clays and those of parent minerals. Bhattacharya and co-workers^' investigated 
the changes in b.e.c. of different clays under natural conditions of soil formation 
by mixing the clays with organic matter Hke leaves and cowdung. 
The present communication deals with our results on the variations in the 
pHtand conductivity and exchangeable Ca, Na,.K & Mg, in,,some samples of 
Aligarh soil by the addition of artificial manures, viz., ammohium sulphate, am-
monium nitrate, urea and'ammonium hydrogen phosphate and also organic 
manure obtained by mixing dry and green leaves and cowdung. - .i 
EXPERIMENTAL 
The following procedure was adopted for the determination of pH, conduc-
tivity and b.e.c. of soil samples containing (i) artificial fertihzers and (ii) organic 
manure consisting of dry and green leaves and cowdung. 






Time in days 
s 
With Inorganic manures— 
(1) Amm. sulphate 
(2) Amm. nitrate 
(3) Urea 
(4) Amm. H. phosphate 
With Organic manure— 
(1) Sample No. 1 
(2) Sample No. 2 
(3) Sample l< o^. 3 
With Inorganic manures— 
(1) Amm. sulphate 
(2X Amm. nitrate 
(3) Urea 
(4) Amm. H. phosphate 
With Organic manure— 
(1) Sample No. 1 
(2) Sample No. 2 
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' Soil samples obtained by.passing through 2mm. sieve were .mixed with differ- ' 
ent fertiUzers, viz., armnonium sulphate, ammonium nitrate,^  urea and'ammonium"' 
hydrogen phosphate (5 gm. of each fertilizer for SOOgni. of^soil). The prepared 
soil was transferred to four earthenware pots. • These were kept buried f of their t 
height under the sun for-a period of 3 months and were watered twice a day during • 
the course of experiment. For exainihing conditions after -the addition of organic . 
manures; three different samples of soil of the'same dispersity as given above werei 
taken and mixed with leaves (dry and grefen), and cbwdung. These were trans-
ferred to earthenware pots and subjected to'similar conditions of exposure as de-
scribed above and variations observed for the same period as in the case of artificial 
manuring. The variations in pH and conductivity at different intervals, of .time • 
were determined by taking the supernatant liquid obtained'by thoroughly shaking * 
5 gm; of airTdried soil in 50 c.c. of conductivity water. All measurements were n 
4ma.de hy Lange's Acidometer arid W.T.W."Conductivity Bridge. 
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The soil samples were periodically analysed for exchangeable cations by leach-
ing with ammonium chloride, and the exchangeable calcium was estimated as 
oxalate, magnesium as, pyrophosphate, sodium as uranyl acetate and potassium 
as (dobalto-nitrite.' 
The results on pH, conductivity and base exchange capacity of diifferent soil' 
"samples are given in Tables I and II. < • -
TABLE II 
Time in days 0 20 30 40 45 60 65 80 84 90 
Determination of Exchangeable Calcium {M.E. %) 
A. With Inorganic manures— 
(1) Amm. sulphate 
(2) Amm. nitrate 
(3) Urea 
(4) Amm. H. phosphate 
B. With Organic manure— 
(1) Sample No. 1 
(2) Sample Nb. 2 
(3) Sample No, 3 
Determindtionof Exchangeable Sodium {M.E.y^ 
A. With Inorganic rnanures— 
(4) Amm. "sulphate 
(2) Amm. nitrate 
(3) Urea 
(4) Amm. H. phosphate 
• Determination of Exchangeable Potassium (M.E. %)•-







































































(1) Anim. sulphate . . 0-44 
(2) Amm. nitrate . . 0 - 4 4 
(3). Urea . . . . 0-44 





Determination of Exchangeable 
i. With Inorganic manures-—" » 
(1) Amm. sulphate . . 1 - 6 2 5-60 
(2) Anffii. nitrate . . 1-62 5-38 
(3) U r ^ ' . . . . 1:62 5-36 
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/ rii ,;/ ' DISCUSSION • '" "•'.'•' 
The data on the variations in pH values and conductivity^by^the^additipH of 
inorganic and organic substances show the following:— .'»,!!>'••;! ' • ' 
1. The pH value of the soil sample gradually decrekses With time, ,c)n. the 
addition of artificial mantires during a period bf 3 months'."" "- ' ' •'••'' 
The conductivity values under similar conditions however show an initial 
increase followed by a continuous decrease after a period of about 1 month. 
2. On the other hand, the pH values with organic manures show-a,behaviour 
different from those for inorganie ones. The pH values show an increase "lor a 
considerable time (a slight decrease only after about 2^ months) for.-all the three 
soU samples. The variations in conductivity show a periodicity under similar 
conditions. * 
I "•!•,.'.7 o T i ' 
The interesting observations in tables and curves are that the ,pH values are 
higher by the decomposition of organic substances in the soil thari'^'those pbtaineci 
by the hydrolysable inorganic salts. The conductivity values,'ho'wevdr;;;show 
a less regular trend, although according to the high mobihty o^f H-ions, th'e 6oh-' 
ductivity should be higher when pH values are low and vice versa?''But tiii'Uiuli^-^ 
show that the changes in pH and conductivity appear to be -connected itbyfmbr^' 
than one factor than the H-ion alone. The hydrolysable inorganic/sahs.-should; 
give more H-ions by hydrolysis than the organic acids- formed during^thie^j^pm-i 
position of organic matter, but it is not yet known to what extent the^meqhanismi 
of the changes in pH and conductivity is governed by H-ion concentration, niine-
ralisation of the organic matter (cowdung and leaves, etc.) and the role of microbial 
population in the. system. Conductivity may increase; in spite of the less pro-
portion of H-ions (i.e., higher pH values), provided mineralisation is great .and:-
this probably is true in many cases. The micro-organisms cari'falso "be ^effective 
in reducing the conductivity during their growth by thejassimilation'-sbfrinoiiganic 
salts which results in minimising the concentration of the waterrsplubleii'salts.-
Our data are in support of the above observations which seem to ,be responsible^ 
for the changes in conductivity. • an .;; .fl;-/' J'"-' 
Adsorption of Nations and ions by the soil colloids is also an important factor 
to iniluence the pH and conductivity in the system during the decomposition 
of the inorganic and organic matter in the soil. Moreover, the^b^uffering Rapacity 
of the amphoteric clay complex plays no less an important pa;rt''in ""the'variations 
of. pH and conductivity. .. :-:v:i^u^ .!;u:n'\ •^., 
; ' Daji'^ * observed that the soil tends to become alkaline in later, stages'by' 
the effect of green manuring but Stephenson" observed that the"'soil •becbm6&' 
alkaline during the earlier stages but acidic later on. Bhattacharya and 
BansaP^ observed that when there .was a fall in pH, the conductivity generally 
rises and concluded that the frequency of th6' irise and fall of pH 'and conductivity 
was specific with the nature and the composition of the raw-organic •.matter! dnd-
also with the character of the soil. Our experiments were continueAjfor,3 (months 
only, yet the general trend of our observations is in agreement with.thejconclusioir 
made by the previous Wor%rs. ' " .,..,.,..•.... ^ 
, Experimental results on the exchangeable cations'in the'case' of Various soil 
samples by the addition of artificial manures show that there is not any remark* 
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able difference of the added manures on the b.e.c. of the soil. It will, however, 
be of interest to note that during the first 30 days Ca and K show a very large 
increase in their exchangeability followed by a more or less regular decrease. The 
variations of exchangeable Na and Mg with time however are less striking than 
either Ca or K. Since exchangeable Ca plays an important role in the fertility 
of the soil, the b.e.c. for this cation was also studied with soils to which organic 
manure was added. It will be observed from the tables that the exchangeable 
Ca increases for the jfirst 40 days in Soi] No. 1 and for 20 days in Soil No. 3 
while there is a continuous decrease of exchangeable Ca in Soil No, 2. It seems 
that this property is specific for the particular soil used. It may further be added 
that the addition of artificial manures brings about a sudden increase in the b.e.c. 
of the soil when compared to the action of organic manure. 
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THE various physico-chemical properties of Ab'garh soil seem to be very much 
influenced by the defective drainage of the water used for its irrigation. It 
appears that due to this defect the salts from the waters are continuously being 
added to soil resulting in an increase in the sahnity. Considering this factor in 
view it was thought worthwhile to carry out an analysis of various soil samples 
from different areas in the University campus. The results on the amount of 
various cations hke Ca, Al, Fe, Mg, K, Na and ammonium and anions, viz., 
siUcate, CO3, phosphate and nitrates and on the total water-soluble salts, 
water-holding capacity, carbon, nitrogen, loss on ignition and pH are com-
municated in this paper. 
EXPERIMENTAL 
Soil samples were collected from different places around the University, by 
digging a hole (diameter 6") upto 6", in the ground and obtaining the soil from 
five such holes dug in the same field. The soil thus obtained was powdered, 
mixed thoroughly, passed through a 2 mm. sieve and a part of it was dried in air 
for about a week. Such soil samples were analysed for different constituents. 
(1) Analysis for cations and anions.—Ca, Na and K were estimated by the 
Flame photometer (Lange). A weighed amount of the soil was taken and dis-
solved in concentrated HCl. The solution was analysed for Ca, Na and K by 
Flame photometer and iron by colorimeter (Lange) using ammonium sulphocyanide 
as colouring agent. Aluminium was estimated as AI2O3 by precipitating Al (OH)3 
and Fe (OH)3 and substracting the amount of FegOs from the weight of AI2O3 
and FegOs. The MCI insoluble portion was weighed and reported as SiOg. Mg was 
estimated as pyrophosphate and phosphorus by the ammonium molybdate method. 
Carbonate was determined by passing the COg evolved (on treatment with H2SO4) 
through standard baryta solution. The procedure adopted for the estimation of 
nitrate was that of leaching a weighed amount of soil (10 gm.) on a Buchner funnel 
by dilute H2SO4 solution. The leachate was boiled with MgO until it was reduced 
to half its original volume. The solution was cooled and zinc dust (5 gm.), 
caustic soda solution (30% 70 c.c.) and powdered iron (5 gm.) added in the above 
order. The solution was then distilled in a nitrogen distillation apparatus for 
about one hour and the evolved ammonia was collected in a standard HCl solu-
tion. The solution was then titrated with NaOH solution of known concen-
tration and as usual the amount of nitrate was calculated. For ammonia the 
soil was shaken with N NaCl solution and filtered. The soil was washed with 
N NaCl and the filtrate was boiled with magnesia and the evolved NH3 was 
absorbed in standard HCl and then titrated. 
The result for SiOg, CO3, CaO, AI2O3, Fej03, MgO, K ^ , NagO, P p ^ , 
• NO3 and NHp are given in Table I, 
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(2) Total nitrogen was estimated by Kjeldahl's method using salicylic acid 
reduction method. The total carbon was estimated by the method of Robinson, 
Mc Leau and Williams (4th Edn, Knowles & Watkins, p. 46). For water-
soluble sal1:s, weighed amount of soil was shaken with distilled water and filtered. 
The filtrate was evaporated to dryness and the solid weighed as total water-soluble 
salts. For loss on ignition a blank experiment was performed by igniting a 
weighed amount of the soil. 
(3) The water-holding capacity.—This was estimated by takmg 200 gm. of 
soil sample on a filter-paper wetting it with water and then taking the weight 
after 5 hours. For pH jneasurements Lange's Acidometer was used. The results 
for total carbon, nitrogen, water-soluble salts, loss on ignition, water-holding 
capacity and pH are given in Table II. 





































































































































The analysis of various samples tabulated above shows that our soil is 
deficient in nitrogen,, phosphorus and carbon. This may be due to the sailinity 
108 NASEER AHMAD AND S. M. FAZLUR RAHMAN 
of the soil which does not allow perennial grasses to grow in abundance. Hence 
organic matter and nitrogen which are added by the decay of grasses are not 
provided to the soil in adequate quantities. The increased amount of water-
soluble salts confirms the postulate that the salts of irrigation waterx are being 
accumulated in our soil and are not being leached away as the natural drainage 
is defective and no appropriate steps have been taken to make it efficient artificially. 
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O n tlie method of preparing pure mol enum 
blue by dialysis and the chemical analysis 
of the dialysed products. 
By 
Naseer Ahmad and S. M. Fazlur Rahman 
( Department of Chemistry, Muslim University, Aligarli, India.) 
The term "Molybdenum Blue" is applied to the product 
or products obtained by the reduction of molybdic acid. A 
number of workers tried to establish the composition but 
failed to arrive at a definite conclusion. There is no doubt 
about the fact that the nature of the compound is very com-
plex but it seems that this complexity becomes all the more 
dominant due to lack of some suitable method for extracting 
the product after reduction. 
This paper deals with our investigations on the compo-
sition of the compound extracted by a purely physical 
method, that is by the dialysis of the molybdenum blue sol. 
obtaind by reducing molybdic acid with inorganic salts, 
viz. ferrous sulphate, stannous chloride, potassium iodide 
and cuprous chloride. 
EXPERIMENTAL 
Molybdic acid solution was prepared by dissolving 
M021O3 (A. R. sample) in doubly distilled water. The solu-
tion was kept over-night and the strength determined. The 
solution was diluted to the requisite concentration. Solutions 
of ferrous sulphate, potassium iodide and stannous chloride 
were prepared by dissolving A. R. or recrystallised samples 
and their -strengths determined by the usual methods.. 
Cuprous chloride was . prepared by reducing cupric chlo-
ride with pure metallic copper. The white crystalline solid 
so obtained was filtered through Buchner funnel, washed, 
with alcohol, and finally with ether. The salt thus obtained 
was dried in vacuum desiccator, The methods recommended 
by Andrew^ (titrating against KIO3) and Parr^ (titrating cuprous 
thio;:yanate precipitate against KMnO*) were found inade-
quate. The following method was therefore adopted for 
the estimation of cuprous ions. 
A known volume of cuprous chloride was taken in the 
beaker and a freshly prepared solution of ferric alum was 
added. The solution in the beaker was titrated against 
ammonium thiocyanate. At the end point, a bright reddish 
brown colour appeared. 
The amount of the various reducing agents required for 
100 CO of M molybdic acid soln. was found by trial. It was 
found that 80, 40, 60 and 35 c. cs. of Ferrous sulphate, 
cuprous chloride, potassium iodide and stannous chloride 
(each of strength M) were enough for the reduction of 100 cc 
of M soln. of molybdic acid. 
The samples of molybdenum blue obtained with dif-
ferent reducing agents were prepared as given below :— 
Sample No. 1 (using Ferrous sulphate). 
Molybdic acid soln. (100 cc) containing cone. HCl 
(5cc) was heated and mixed with FeSoi soln. (80 cc) with 
constant stirring. The soln. after filtration was kept over-
night. A violet crystalline compound appeared and was 
separated by filtration. The ppt. was washed rapidly with 
water and then with ether. 
Sample No. 2 (using stannous chloride). 
100 cc of molybdic acid with 10 cc of cone. HCl were 
reduced by 35 cc of stannous chloride soln. and then after 
settling down the precipitate was filtered and dried. 
Sample No. 3 .(using potassium iodide). 
100 cc of molybdic acid containing 10 ccof cone. HCl 
were reduced by 60 cc of potassium iodide soln. by gradu-
ally mixing the two solutions and then boiling with constant 
stirring. It was then kept for 3 hours and the blue com-
pound was filtered and dried. 
Sample No. 4 (using cuprous chloride). 
Molybdic acid (100 cc) and cuprous chloride (60 cc) were 
mixed together and after keeping for four hours, the solution 
was filtered and the ppt. washed with absolute alcohol to 
-drive off excess CU2CI2. 
Extraction :—Dried molybdenum blue (2 gms.) was dis-
solved in 1000 CO of double distilled water and the deep 
blue solution obtained was coagulated with N/10 ammonium 
chloride solution. The supernatant liquid was removed, 
first by decantation and then by centrifuging. The solution 
v/as then placed in a parchment bag and dialysed with 
continuous flow of water till it got settled in the bottom. This 
took about eight hours. The supernatant liquid was removed 
by means of a pipette, the suspension taken in a porcelain-
dish, evaporated in a current of hot air and dried in aa 
oven at 50''C. Finally it was dried in a vacuum desiccator. 
Analysis of the products : 
Water :—A weighed amount of the sample was heated, 
to l l C C in an electric oven. The loss in weight was taken 
to be the water content of the sample. 
Molybdenum :—^This was determined according to the 
method given in Scott's Standard Methods of Chemical 
Analysis Vol. I, page 589. 
The residual sample after removing water was dis-
solved in water and little HCl, and then acidified with 
acetic acid. The solution was diluted to about 100 cc and 
heated to boiling. Lead acetate solution (4% solution) was 
added gradually until no further precipitation occurred, a 
slight excess of reagent further added. Few cos . of am-
monium nitrate were added to make this colloidal precipi-
tate granular. After keeping for one hour the precipitate 
was filtered on a gravimetric filter paper, and washed tho-
roughly with hot distilled water to remove chloride and 
acetate ions. It was dried and filter paper ignited in silica, 
crucible at red heat. After cooling it was weighed asPbMoO^. 
Oxygen :—The oxygen in the compound was found by 
difference. 
Results and Discussion . 
Sample No. 1 (using Ferrous sulphate), 
(a) Mo 61.2% 
H2O 12.57% 
Oxygen 26.23% 
Empirical formula M03 O7.74, SHaO. 
(b) Mo 54.125% 
HaO 10-17% 
Oxygen 24.705% 
Empirical formula M03.03, Os.oi 3H2O 
(c) Mo 64.31?^ 
Water 6.875% 
Oxygen 28.82% 
Empirical formula M03 Os-a H2O. 
Sample No. 2 (using Stannous chloride). 
Empirical formulae : 
(a) M03. Os.o8. 2.94H2O. 
(b) M03 O7.S9. 4.82H2O. 
(C). M02.0,3 O7.85. 6H2O. 
Sample No. 3 (using potassium iodide). , 
Empirical formulae : 
(a) M03 Os.os. 2.95H2O. 
(b) M031O8.26. 2H2O. 
(c) M03 OT.OG I.92H2O. 
Sample No. 4 (using Cuprous chloride). 
Empirical formulae : 
(a) M03 O7.8.5 2.96H2O 
(b) M03 O7.9 5.74H2O 
(c) M03 O7.854.6H2O 
The results on the composition of molybdenum blue, 
using various reducing agents go to prove that no definite 
molecular formula can be assigned to this compound. This 
is due to the colloidal nature of the blue which may contain 
highly solvated particles, varying in their degree of hydra-
tion. The method of dialysis, however, is superior to the use 
of organic solvents for extraction in as far as that it removes 
the foreign ions and gives a more reliable ratio for molyb-
denum to oxygen in the blue. 
It is rather interesting to find that the amount of water 
•associated with MosOs differs from one reducing agent to 
the other. Thus with ferrous sulphate and potassium iodide, 
it ranges from 1 to 3 molecules where-as for stannous and 
•cuprous chlor ides it varies from 3 to 6 molecules pe r mole 
•of MoaOs. There a p p e a r s to b e no s imple explanat ion for 
this pecul iar behaviour but it is quite likely that t he anomaly 
might b e resolved if the analysis is car r ied at different s tages 
-of dialysis. These should b e (i) v/hen the sol. assumes a dis-
persi ty so as to br ing about gelation, (ii) the sol. sets to a gel 
a n d (iii) t he gel s tructure is des t royed a n d a coagulum is 
-obtained. These stages will g ive c o m p o u n d s of different 
-degrees of hydrat ion a n d u n d e r these condit ions it is possi-
b le to make a compara t ive study of t he p roduc ts ob ta ined 
from various r educ ing agents . 
Further work is in progress . 
Thanks a re d u e to Prof. M. O. Farooq for his keen inte-
:rest in the progress of this work. 
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SUMMARY 
A new method for obtaining pure molybdenum blue has beetp 
employed. Instead of iising organic solvents for extracting the reduced-
molybdic acid, the products of reduction were subjected to dialysis and. 
then analysed. The results of chemical analysis give the composition^ 
of the samples :— 
Sample No. 1 (using ferrous sulphate). 
M03 07.74 3H,0; Mos-oz Os-oi SHzO; MoaOs-z HaO. 
Sample No. 2 (using stannous chloride). 
M03 Os.os 2.9^ H2O; M03 O7.S0 4.82 H2O; M02.D3 O7.S5 6H2O 
Sample No. 3 (using potassium iodide). 
M03 Os.os 2.95 H2O; M03.1 Os.26 2H2O; M03 O7.96 I.92H2O 
Sample No. 4. (using Cuprous chloride). 
M03 O7.S5 2.96H2O; M03 O7.9 5.74H2O; M03 O7 85 4.6H2O. 
The variations in the amount of water associated with the various-
samples has been attributed to the different degrees of dispersity attained, 
by the particles on dialysis. 
Btiidles ®n the cdmplaxes of aydrozii^g with Cobalt ehler-ida 
and siilBhatft^ Zinc cMerlde And sulphate^ Mckel s a l p h a t e . 
Zireopiiim ailpfaate up.d Cepoer .ehl©ri,dtB,« 
; • • • ' ' " : " . ; • ' • , ; • J ^ • • • • ' - v ; - . 
;,,iIteseer--alMad-<S: S"^ M« vFazltir Balman 
.:; ;, A large^ nuabe ro f metal coisplaxes ©f isydraziae 
have been prepared. frairiaeii e t . a l , have, reported the 
preparatloi i ©it soiae f©r^y compeunds ©f hy-drazine both d l 
and t r ihydraz ina tes of mos t l r fiJ^etais^^o the f i r s t t r a n s i -
t t i o n ser ie^* Sll^jr have a lso reported t© have obtained 
t ^ l h y - d r a a i n a t e s e f q o b j a l t t l i j b r warming n i t r a t e s o r 
sulphates ©f cobal t with'^56^ hydrazine hydrate, Schrader^ 
and ©thersl have described the prepara t ion of a reddish 
. v i o l e t ms^4,3ll2%,by:treattaent of m c k e l s taphate with . 
hydrazine l ^ r ^ t e ^ ? ' G i l b e r t ^ itnd Evans, hiaye prepared the 
nickel bgriirazipe complexes .^f su lphate , a c e t a t e , benzoate, 
chloride^ bromide, pyrophosphate, oxalate and' cyanide. They 
have suggested t h a t ' t h e r e n ight be stepwise addi t ion of 
. I fg^ to the Jfi ioh,* ;Sc^ and Zobrist'* have 
given the 'SolubiM^ !3i <%^4; )^ ( )4^ tc . Bailaij^ 
and coworkers have done the polarographic study of the 
cpmplexes "formedvbetw®en hydragine and ^ inc perchLoratc. 
Gogrishvili® and 'others s tudied; the mc hydrazine : 
hydrate land.^ aiOio^^^^ _; 
' : C ® ( ^ ^ ) 2 l ? i | M i ^ t i ' a n s - - ^ They? have 
,>aso prepai^d a l i g h t blue s a l t Ni(%^^)2Cl2'and _ 
- W » 2 % > # : % ^ ^ % ^ 5^?om (ll2%CQ0^ ^fmann and 
:.Ma|burg® d e t e i b e d thb preparat ion of CuClg.Sli^H^ f:^ offi 
o^pper ;chlor ide and hydrazihc hydrate i n alecJhed. i n the 
'^fbrm.^frhlueslieedies....*•;-' •;.  . .• '•• ' : ,•• ' . '''•'-:''^' •-•''''".••'• 
" / - - v - ' ^ • " ' ' * ' ' - " • ' ' ' ' " " ' . ' ^ " • - ' ^ ^ - ^ . ' "• ' • ^ V - l ' * • . ' " ^ ' ^ > . ." '• ' ". / "' ' ' " ^ - • - " - • . " "* ' • ; -• 
chk^re: ^eiia;,ffia<ae t o ascey:tgilit tlis. coiE^osition. of the 
lliiso2jit>l€? c<Mpiexis i^ ^^  chloride 
:" alid suljpliatej' 2 1 ^ aM; fulphatOf &sk<^I sulphkto, 
: and copper e ^ a r j ^ e b y ^ p l ^ W liave per- ; 
farmed b o t & d i r e c t and reverse; conduetomgtrie and^ tbeiiao-
^^inet^lc t i t r a t i ^ ^ t o s t i id^ jbheBeVcomplexes aiid have -also ' 
if done ';tl;^ cheMlcai; :a t© e^nttrm 
"•':carli,e"r\^©i&;"donev,-' '7H^ . ' .• \]> "':,, "i; :•' ..'''•-^:- V"' 
, > ' ' " • ; v . : ,^ . . . : ;Trj ;>-? ; ; r ; , - 7 . ; : ; :./..^^^ • . / * • . ; . , ;"'• .•-'•• , , ' ^ , 0 . . / : ; • ' 
Freijaratidn and stkAdardJiation of Sb lu t ion t 'v^x •'^ •--••^ •-
J J V :.|^;iosI ofHlibo^ hydrazin© hydrate <B,D,i[) was l*^/; 
;;: diluted^i:^;.2S0Eti« t ^his so iu t ion was 'standardlzed and • 
Jusedvfdip tteJpirfepara^ and a lcohe l ie so lu t ions 
yol" hydra;sia@s.^ie. ^arl|Sc«as' s t r e n ^ h s . IOJSI of; t h i s solut ioi i ^ 
{Was dJJut^d t o ^ l q ^ ; ; i h ' 4 s t^^ f lask an^ s t r eng th ;^ 
;d^teiten©d;yby;JerricS^ imetfc&d --©f.-Ray- [ahd-'Sa^ar.::V- / • - . 
.;;I1^•• r4acti^-lis;?J:;-'^:*-:'."'.:, -'"*,:• \S'\ . ' ''••' .:-^'\.';''-...-•'/•';•;7•^.•'" 
^ added 5 :^ n®!(m ^xee'^s of standard* s o lu t ion of ferr icyanlde 
i ^ has l c^s©!^^ arid! the amount 
,o f . f e r feymider j ief t^  i s e^stliaated: by ?addin| ^RGl, ICl and^ 
Zinc -suiphate and deterstining ti ie ' iiberatesd^lodine by 
::tlttaMiig.wagaiJis't. StaM ;^oltitioii. „-.,,:-3'- ,^; % /: 
k^--::'^^!''/'^-'^^-l^Hecj^tallised 'Sampiles'' of:^c©balt chloride•'.and"':' •: 
•^e©baS|sia^ha^ 
^f'^4^®^^*:"^^*^2iat®di.^,:by-^M : ^.^ :_ -: 
fen^;^|iiuaei:|^ ' of >th© ;sto(ife s i a u k o h 
jifiras:i^^iut6^ 4brlOpBil^^i^ f lask and^lCtei of 1 - ' - : 
>:3-j^>, 
t h i s so lu t ion ,was d i lu ted to ISOial. To t h i s solution- '^ ' 
was added 5ral of i ron fr(9e concentrated iydrochlor ic ":_ 
acid and heated to 70°C, " ^o ,the hot so lu t ion was added'' -
excess of hot solut ion of the reagent prepared by dissolving 
2 gm. of rritroso-B-naphthol i n 120ml of g l a c i a l ' a c e t i c •: 
"acid. The voluminous br ick- red p r e c i p i t a t e obtained was 
J * , ' ' • 
f i l t e r e d through a graviiRetric f i l t e r paper , washed Tifltfe • 
cold 'and hot watsr and, dr ied in an e l e c t r i c oven, Ihe . 
f i l t e r paper together with the p r e c i p i t a t e was inc inera ted . 
i n a weighed s i l i c a crucible which was ign i ted a f t e r adding 
* - • : ^ 
,10 mg,'of pure oxalic acid which facilitates removal of 
carbon. To the cold residue was added 2!nl of gN sulphuric 
acid and evaporated on a water bath,' The .-crucible w ^ once 
?3ore ignited, cooled,'treated with 2inl of 2W sulpharic acid, 
evaporated on a vater bath and the process of ignitiotf and « 
evaporation with sulphuric .acid repeated 3 or 4 times and 
then weighed as CoSO^, after drying in a desiccator, >/'>;. 
' ' ** . ' . ' • - . 
Pure ion free aiinc sulphate and zinc chloride • 
• ' ' " ' -^- ••' - - 1 2 • 
were used for preparing tt'^ ir solutions and zinc estimated ^ 
voluisi® trie ally by titrating against standard^^ ferrocyahide 
containing'a trace of ferricyanide using diphenyl amine .i 
dissolved in concentrated sulphuric acid as internal - . 
indicator, -The colour change.at the end'point'is from blue 
to yellovisli greeri,^  - " ^ ' ..J 
* i • - . • » 
|, Nickel'sulphate solution was prepared by. dissolving 
re crystallised Nickel sulphate in conductivity \«ater awl . 
nickel estimated^'^y the usual method' of precipitation as V 
' ' " • • • • ' . \ " " / > > - • • ' " ' . : 
nickel ^dimethyl gljjoxime,' "> . ' > ; i ; ,. • 
Zr(S04)2« 4H2O was dissolved i n conduct iv i ty : 
water and f i l t e r e d through a gravimetric^ f i l t e r paper t o •' 
obtain a c lear and almost colourless so lu t ion , Zirconium ' 
' ' . , . • • • . . . -
1*5 X •' • '' f- • ' \ 
was estimated**^ by adding to a known volume of Zirconium -\ 
• 4 
sulphate solut ion 50-ioO fold excess of f resh ly prepared 
• 10^ Biammoniiiii h^rdrogea-illibsphate' solut ioi i , . <2ireoniuia / 
'Su:^piaate solut ion 'Should ^ c o a t ^ n a J ^ ' 
o f 3.71?'H^QA and:!i<M. of ibjl Mfitomoniuffi*phosp 
i; be used for ewery l o • mg of zironium present )•', flie ". 
so iu t i on was boi led for a; few^M heated on a water 
ba th ^forSO eiinates and jallowed t o cool t o about 6 0 ^ , ' 
h Matman acce le ra to r iwas added^ fallowed t o stand overnight , 
f i l t e r e d : t l3rbug}i*a: i^ant i ta t l^ toteiR paper, ^vmshed f i r s t 
witii ioo-lSCtol^^bjE' 2|T Sulpteirie acid containing 2«S'ga of 
bi&imonium phosphate, i tf IS^ali and f i n a l l y with &% ammonium 
n i t r a t e so lu t ion u n t i l l t i ^ f i l t r a t e waS; free from sulphate 
The"f i i i^ r paper was d r ied , igni ted in a weighed platimim 
crucible and weighed as ti^^p^* : 
^CojipercMbride'solution was prepared by d i s s o l -
ving pure copper chirorlde and i t s s t r eng th detersiined by 
therusualviodometrie,method. • _ ' ^ 
Preparation^ ^Properties and Chemical Analysis of the ^, , 
'• -Complexes 1^ 7 ^ \. /!'•-;. •  •; -:' - >. • ' •";'\ 
• fhe" comfilexes of i^drazihe with* Cobalt ch lo r ide , 
and coppejp: chli32*i& w^ by mixing t h e i r s tandard 
sb lu t ibns i n about;-99^ aibbhol with constant s t i r r i n g iii 
:,such a way t h a t hydrazine was i n sli^ht^^e^ 
• r a t i o given by the^ curves of thermometric and. coriducto*^ 
metr ic t i t f i a t i o n s , ' / f h e hydrazine complexes of"cobalt , 
• su lpha te , 'Eiiic chloride and . sulphate , Nickel sulphate arid 
Zirconiua sulphate weipe prepared b^ mixing t h e i r aqueous 
sb3jttibn^;:in the same way. fhe p r ec ip i t a t e in each case 
wasS'aliowed t o s e t t l e , supernatant l i q u i d decanted and the 
' ^ re^cipi tate t ransfer red t o centriftiging tubes, wi th 9S^ 
a l cohb i . ; I t was_centrifuged, centr i fugate decanted, • 
residue wkshed with 9&% alcohol and t h i s process, repeated 
•^y$'-
several t imes, IV vas f i l ia l ly washed vjith 'absolute alcohol 
5-6 t imes, taken in a china d ish and dr ied in a vacuum 
'desiccator over concentrated' sulphuric ac id , ' - ' - ' 
• .. ' -^ * - ^ 
I •* t -^ - t ' T- ^ • ' 
' - ' If'aqueous solutions of'hydrazine hydrate and 
cobalt chloride ,were mixed, a pink precipitate vas obtained 
• • " ; - . c * ' ' / ' - " -
,which was p a r t i a l l y converted in to a b l u e ' p r e c i p i t a t e . The 
blue p r e c i p i t a t e *'was waMiad with water, dr ied in a vacuum 
des icca tor when a.green powder was obtained which on analys 
was found to be cobalt: hydroxide. I f the cobalt su lpha te , " 
,hydrazine complex i s washed /xvith water and dried in the 
des icca to r , a br igh t alraond coloured -complex i s obtained 
whereas -the colour of tha t prepared by washing with alcohol 
i s l e s s deep. I f tlie zinc chloride-and_ sulphate complexes 
of hydrazine are' thrashed with water, hydrolysis occurs and 
the'whole of hydrazine is* washed ax;ay. 
For*the analysis, of the complexes, separate , 
• amounts of each ,complet were weighed for the es t imat ion 
of the metal ion, acid rad ica l and. hydrazine, A v/eighed 
amount {0,2 gm) of the complex was dissolved in moderately' 
concentrated n i t r i c acid and-the so lu t ion -heated on i/ater 
ba th for 30 minutes and then used for the est imation of 
metal ion or the acid r a d i c a l . Chloride was estimated 
gravimetr ica l ly as s i l v e r chloride and sulphate as Barium 
su lpha te . The metal ions were "estimated as given under -
'*preparation and standardizat ion"of so lu t ions* . For the 
es t imat ion of hydrazine the complex was dissolved i n d i l u t e 
HCl and hydrazine Estimated as 'given e a r l i e r , -
. - The Cobalt chloride iiydrazine complex i s a dark 
pink powder, insoluble in cold water and organic solvents 
v i z , a lcohol , benzene, chloroform, e the r , carbon te t rach lor i 
pyr id ine , e t c . Boiling water gives a blue so lu t ion , hydro-
chloric,_ n i t r i c and^ sulphuric acids and aqua reg ia d issolve 
- . 6 
;: ]; ,^M Cobalt %lphate*l^dra^ ine complex i s b r igh t 
almond 6 bitisared, has. no cJ iaxacter is t iesff ie l i , i s insoluble 
In organic s o l t e n t s i r i z , - alcoholj e t l i s r , cMtoirSforai carbon 
tWtraeiiioidde^ ace^oii^, to luene, ^ ^ 
rbom;^tempei?atui*e;aSj;well^^^^^ Mgher temperatures j , 
i i s s b l y e s ' ' i h d a u t e mineral acids and gives a c lear pliik 
colQured sb iu t ion with diliate n i t r i c and hydrpchlbric acids 
Lfi^ .wMc;h cobalt^ 'hyd^ sulphate can be tested* 
1?b© 2inc -chloride and sulphate complexes of 
hydrazine/are white tpowders-^ insoluble in watery alcohol 
ahd;aeetone and soluble in' d i l u t e and concentrated common 
mineral,.,acids*"' ':_:.-•'.::^':_'./,' '•\,^':'..' :•, K .-..>,:. 
V - - . the iilcls^i'lrirdrazine complex i s a beaut i fu l 
readish v i o l e t compound;' I f the p r e c i p i t a t e of t h i s 
eoMpbund i s washed with water, the colour of the compound 
i s darKer« fhe complex i s insoluble in water , aleoholf 
acetone, ether," benzeiiei carbon t e t r a c h l o r i d e and sojuble 
i n " ' d i l u t e -Mnera l "ac ids , : / '„. _ -.V- -. ••. 
: n L . ^ ' T2ie'^iiite:>^elatinous p r e c i p i t a t e of zirconium" 
sulphate hydrasihe" cosiplex on drying becomes:white powder 
Which i s insoluble^" i n water and common. organic solvents 
Btot soluble invmineral 'acids only on hea t ing , 
" - /*^te copper chlor ide hydrazine complex i s , b l ^ 
biacfe in eolQur, decomposes slowly on exposure t o ' a i r and 
gives a tu rb id solut ion in .cold water, which, on bo i l ing 
aepoSits an oraiige red p rec ip i t a t e of cuprous oxide. . I t 
Is i n so lub l e . i n common organic solvents but soluble i n 
a inera i acids-slowly i n . c o l d and rap id ly on hea t ing . 
- ^ ^ ^ 
CoRductometric Titratioias? . ^ •':'-. ^ ,^_ ;"1-T' ' '• / ' v ,.••- -^ :,; ;•• ; 
was .used i n conjMnction witii an osciliat?or <W.I«W. IKC • 
Osc i l l a to r ) . ana a MsSphonei >^  A ^ i p t ^ e e p n d u c t i v i ^ 
cel l ;was used; •BotK-4i-^<^% ^ ^ thveTSQ t i t r a t i o n s w®3?$ 
performed, and voltiiae eorrectioii applied wherever required 
!CIi@rffioiaetric ^gitrationsa :.'•''.. */''• 
. A Dewar's flaisk of lOQal e d a c i t y Jioused^in a 
metal eiiciosure covered \d!tlifeltf was used, v^^lje*annular 
spsee between the f lask and the: \reMs^l _was" packed with " 
glass wool. The touspette was wrapped with asbestos on. a l l 
s ides except foi»:the streak"*left t o make the graduations 
v i s i b l e . - The reaetants were kept for sometime t o a t t a i n 
room teaiperature before "actuallyi s t a r t i n g the t i t r a t i o n s . 
.Variat ions in temperature were^^noted ;by a Beckman thermo-
meter which was';previously set, a t room temperature'^ Both 
d i r ee t and reverse t i t r4 t ion% were• performed, ' - \ 
' r ' the r e su l t s of,'chemical ana ly s i s , conductometri 
and •thermometric: t i t r a t l M s ^are given i n the-foilowing 
'•tables and curves-.Dfo, 1-14* "'•^ ::"- . • ' • " ' • • - • - • ^ . ^ "^ . 
! • . S t r e n g t h ' a n d l Vol , of 
•; Cobal t CMoride : ; 
• '• (tn t h e icell:);;; /;:•-"'• • 
"U 
<1). 25 ee of^yr i n a b s . a lcoi iol 
( i i > 2S/CQ otyWBO •. n •rtt 
Strength"andf.for."oi^:-' •.•' . i". '-
• Cobal t CMogide {at. t h e ' ; - . 
• ; ^ i a f l e c t i o a p^pintvi^^'tiie ,, ^ / ••-.'• 
; ( i i i> '" '4la-;ec ^dr' ^K/IO^ i n .abs-l-ale. 
•2,--Strieiigtii:.^an^'^ol.' of ' t ' f ;--'^'' \ 
' Coba l t tSu lpha t e ( i n the - v ' \ 
- U } : 2 0 ; c e 6 f ; i i / s / . " 
C i i i ) " 20 cc O 4 H / S i n 2 5 ^ ^ c ; ; 
v(iv) 20 e c i o f I|/47i3a 2 6 ^ a l c . 
J , . . , - • • ~ r ' •• , • - 3 - • ; ' - • • > . • - ^ * - . - , * . . * 
' " • ' V . * • - - ' - ' ' ' ''-}<'•' « • " , • - ' * « " . : ' • • 
St reng t i i and^5?ol.idf ;r^ 
Cobal t Sfelpfeal^e t f go^ ^the camre 
(V) S'.S ^ e of H/2 
• <^i.j S ,^ f -< ;c o i f ^ ^ ^ -^ - -•• •• :" •• •' 
( v i i ) 6 . 5 cc ^ 1 ^ '•: 
( v l i i ) S ,? ec W 13/2 iix 25^ ' a l e , 
( i x ; . S . 5 cc of H/4 l a 25^ al^«. • 
3 ^ S t r ^ n g t h j "suad ?oi» of ^ *: 
.- Zine Cblor idg (i j i t he c e l l ){,= ,; 
; ( t ) 4() €C of5:E/120 . • Hi • 
< i i l 4 0 ce o£ M/2QQ^ .^  
S t re t ig t i i and ?oiV of* ! 
: 1iinc J^oi*ldB <from t h e ' c u r v i s ) * 
: ( i l l ) 3-e^-bf^^SV'- . '• .-• •-;"i•^";^" 
(iv-J 3 e^ o f^ i i / lS* ; . . 
• - . < • • - H • - : > • . ' • • ' • ' ; . ' , • -
4 . Sti^ftagtfef an^ T o l , " of - '. f ' . 
' ^Inc^^tuLpMte <iii tl]e > e l l ) ; . : 
• , / -- . i l ) 60-,ed of Wloov:^-•.• ^^"'r-'^:,;,., 
( i ^> SOvCC of M/20d ' ' -^  • 
X i i i ) 40 ^ce of K/lOO :- • • , , , 
^ s t r e n g t h atid.TolViPf v ' 
^ i n c Bi i lphate (from .the,, curye )„ 
( i v ) 2 oc of iM/12" _ ' ' ; 
'•.;,.,. .<v) '3 .oc of|i&<i&:.,- .';•.-•--.;, ^'-'-H: 
•5*.-StrengtK' and Toiiv of,\ •' •-•;;•{''' '^' 
-:": M^ik&lr Snl^Mte ' C ^ .'the-.>C(|l2c};:. 
'•• (iX) ^:20:-^cc.:.df'W8^- - "' • -^ .:'^  --'' ,-.' 
C i i l ) 2G CO of H/lO - r 
<iir) 20- cc at H/S i n 2 5 ^ a lC i 
( v ) 20 cc t>f n a o i a 2 6 ^ - a l e . 
Cdrtdiictoketf'ic f l t r a t l o n s 
StrengtM and ? o l • of „ , Ra t i o -
Wdj^aklne (at„ t h e / / / , - • -
, v i r i f l e e t i p n p o i n t i n • 
,'™\..ithe;;'-curve)_;t'- /• ,,. ;^ ..,,;.., , :yf... '• . .-• 
'_ i 2 i 4 cc.f of M/^O i n abs^a lc* l s l , 984v 
' 7.i;.OC,- of TO<^; " - ' * ; * • 182 .27 
. ' ^ t icength '^and '^^bi , o f ' , 
•..-•" HydraalMQ iSM t h e c e l l ) 
.TJ 25 CC 0M/3Q i n a b s , a l e . ^ I s l . S S 
•••••-.•.;'.Strength ^aad-^Vol. .of " , •• 
• ' '.W&r&zimBj' (from t h e : . 
-,•' •• ",-Curve) •..; •.; '. 
%'^" 7 . 5 - : G C of'-M : ,-'aJ83 
*-•'- 7*5 c6 of 2 M ' 183 
" ' , 7.S*;cc -of 4 « i n 2 5 ^ a l e . l :2^92r ' 
'^  7 . 8 cc of:,2 M ln'25jC a l e . . 1}3,12 
S t r e n g t h and ? 6 1 , of : * 
) rliydrazine ( i n the cell); ^ 
. ', .20-4c of K/2.S ' . i J 2 . 9 9 
' SO ce of H/6 • V 113.018 
20 cc of W I O ' 1 J 2 » 9 0 9 
- 20 cc of M/2,5 i n 25^ a l b . 1 :2 .807 
20 cc of H/6 in 25^. ale. 1:2,009 
.: - .Strength'and; 7ol, .of • " '.' • 
. V Hydraaine (from the cui^e) 
: 4^cc o | K / I0 i38 1 :1 .927 
;y , - ' S t r e a g t i i - & d Vol ; of" ' , 
• • Hyidrazliie ( i n t h e c e l l ) •. , 
- r e o cc of KA20 : 1/3 
160 6c of H/iSO I s S 
• J:; '60- cc ctW20Q : • ^v; •;' • . I'jg': ; -
...//"'Strength.-'aiid'"Vol.-of' ' •  . / -.' '•'•:•/" 
-/ 'Hydrazine ( f roa rthe curve j - * ;." 
? ^12 CC of H/10 . 1 1 2 ' 
' 12 .cc of M/20 • 1:2 
;-v- : / 8 :cc.-of^;!d/lG.38. ^ •:-] ':. - 1 :27„- ' : 
S t r e n g t h and Vol . of, . 
.• . Hydrazine ( i n t l :^ c e l l ) 
/ ' 60.CC of KA20 ^ •• 1:8 
,;;: 5^0 'ce .of J^V'iSO- v • .. I sS ' ; -^^ ' 
i S t r e n g t h and Vol . of '._.:'••' , " 
i / Rirdrazine (from t h e c u r y e ) / 
. 1 2 ' c c o f N / 2 ^ - ' 1 : 3 -
•.- • r:^7.ec-of-M '"••"•, . / ' - . . 1:2^8 "•^ • 
/ . ' _.-6',cc. of M - •••;•-•../- ./•.' ' / IsS '-
-i: /--2.-75- c c of.'4fC;in :2S^ ^ c V - i j 2 . 7 S ' 
/ ; • . / 2 , 75 'Cc Of M In 25;^ a l e . ^1 :2*75 
. 9 
S t reng th and'Tdl;," '.of^ ^^J^-.^.vi:,-: 
Mckel Sulphatfe .(frpffl i;He cu r re j 
( v l i ) 6 
(Ix) 3 cc of IC^ i a 26^ ale* 
cc of 
ee o f ICtO 
,S cc of W?^5 
n J (x) 3 cc of <l|/lp l a 2S^ a l e , "r V V 
, Strength and Ifol, of r - '^ .; ^ 
2li>c b n i ^ iu l t thate < from the curve ) \ 
•  ( D m c ^ o t W i o •••••:••'•"•''-;,;,;:;:•". 
,- '0r^li |th-and'^Vol, of ' ••• i\^-'> V --r:": 
€?6pi5er Ghioride Sttpm the ^ curve );^., . 
/ ' j<i> i o oc of^M/lO i a ^ ^ s . a l e . 
( i i ) , 6«2 cc of M/10 l a s*s . a i c . : 
S t reng th an i iTol , of ; 
i^dfazihe Cia the c e l l ) 
20 cc of WIO •" ; • 
20 cc of W12 
20 cc of H/8 





20 cc Of W2Q in 25^ ale. 1:3.33 
Strength and Vol .of ' ^  1; 
"Hydrazine (in the cell) :. 
2^5 cc of K/50 1:1 
25 cc Of ^ ^40 ltl.p8 
Strength and Vol. of 
B^ ydraiine (in the c^ll) • 
20 cc of in abs, ale. 1:2 





, • * • / - . ; • • 
3 . Strength and Vol.' of 
. Iginc Chloride " 
; ( d i r e c t ) .^/ -V^ 
< i i 6 0 cc of M/60 
) 40 cc^of K^Oi , 
^4. 
"^.Beirei*se,>.-f " :"' • •.•; • ;• 
( i i i ) 4#S cc of W4.45 
, <lv> 2.S c c o f M/^.45 
Strength and Vol4 of 
Zinc Snlnhate , 
(direct) f, , ,"-
<i i .60' cc' of H/6dl 
(11) 40 cc of W/20" 
(ill) 40 cc of W20 
(Reverse)' ^ 
(Iv) 4 cc of H/4 . 
v(^ ):4 CC'Of H/4 t. 
« 
n 
l i S t rength and*Vol,, of 
- . Goto a l t Chloride ^ ^  ,, ;. - • / 
• ' . : ( d i r e c t ) - V . " • •••.•••"^' '.';..•_ 
( i ) 25 cc of H/50 i n abs , a l e , 
• (11) 25 cc of W20 M ( i l l ) ^ 2 5 cc of H/lOO f 
- ( i v ) 25 cc of H/50 « 
, . - / ' • : ' - • • " • " * / ' > , / • - • ^ v ^ - * - : ^ ' -
2 #81reng th and Vol. of 
C o b ^ t Snlphatse . 
^ ( d i r e c t ) . i V 
I Ci) 40 cc of il/4 
-'I."(11) ^40 cc M U/B 'i'-^' jCii i ) 40 ccvof M/16 
. -^-'CBeverse)--^ , '/^ ..^  
<iv>^ 5 ,2 c e of W2 
; (vMS.S cc of 1^4 
( v i ) 6 .4 cc of 15/5 ^ 
Strength and. Vol. of 
J^drazine . : , ' : -
10 cc of K/IO i n a b s , a l e . 1:2 
25.4 cc of B^IO « « 1:2.032 
6,6 cc of M/IO « « « 1:2,032 
10 cc of 1^10 « •> « 1:2 
7 ,3 cc of 4M 
7 , 5 cc of 3M 
8 cc of H 
40 cc of WS 
40 cc of H/10 
40 ec.of M/12 
2 cc of M 
4 cc of M. 
40 cc of H/20 
40 cc of H/40 
2 cc of M 
4 cc of M 
4 cc of M 
40 cc of H/20/ 
















^ - 1 0 
^Btren^th and Voli; of 
(a i^^c t} ^^:,: '" " . .-•*,. 
Cl) 40 ce of K/10 • l i * 5 cc of H • , . / I s2 .875 
< i i ) 40 cc of M/20 V 12 ec of lC/2 ' . 1:3 
( i i i ) 40 cc of U/4Q ' ' : 12; , cc of M/4 \ \ . I s S 
<li^}flO cc of H/7.S / 40 cc of M/10 l t 3 
<T) 9 cc of M/7.5 4b cc of W12 , l s2 ,806 
<Tl) 11 ec of 1/8 40 cc of H/10 l52 ,9 
6 . Strengtl i and ? o l . of 
Mrconitam ^tilphate ^ 
( d i r e c t ) r; ", ' • • '• ' . .'• .^'-.. •"• • • 
(ti) 25 cc of Ef^ 60 6,3 cc of HAO 1:1,(^6 
;Cili) 25 cc of J^OO 12^3 cc of WBO ^ l tO.984 
? • a i i ^ n g t h and ? o l . of -^  • 
Gdpi>er Chloride 
( d i r e c t ) """ ""^ 
• • « » - ^ •• - ? • - , • . . 1 
<i) 20 CO of M/40 i n a b s . a l c 10 co of H/10 i n abs»alc , 1:2 
(11) 20 CO of M/80 »» " « 5 ec of IVIO " « » . ^ . g 
iBBverse) . '- --•' -•. -^  ••-• ••" • • 
( i i i ) 10 cc of ;M/10 ^ ** '* 20 cc of E^O « « « 1:2 
( i ¥ ) 5 .2 cc of M/lO « « " ^ 20 cc of M/20 " «« « 1:1.92; 
* Chemical Analysis 
1^ Cobalt CMoride Hydgazine Comsiex; '^  ^ 
Co 30 .3^ 30.3/58.94 0.6i4 1 
Cl " ^ ^ ' 3 6 . 3 3 ^ ' 36.33/35.45 1.02 . 2 
% % : : -i / 32^22^ „ ; _ ; „ . ,32 .22/32 . .^: _ 1.00 , 2 
total SSViS . .^ ^ 
F o r s a l a : - CoClg. 2KgH^ '; , ' 
2# Cobalt Sulphate Hydrazine Goimlexi _ 
Co 23^ 23/58.94 0.39 1 
V Sjp4 ^ 38.4^ V 38.4/96 6.40 1 
HgH ;^ ; ^.6J^ . 3 4 . 6 / 3 2 1.08 > ' 3 
f o t a l ' 96,0 -
to^fflulas- CoSO^. 3J^Hj 
3 . 2inc.Ofeioride Hydrazine Complexr 
Sa ' 31 .41^ 31.41/65.4 .48 "''' 1 
Cl 32.6# 32.6/35.6 .918 2 
% % 29.65^ 29.65/32 . 9 2 ^ ' 2 
l o t a l ^ 93.66 
Forraala:- ZnClg. SNgIL 
••'ll-
:t' 
i« Zinc Sgiphaite HrtJraziR^ Gofatilex? i;^;; 
t so -H 
• t o t a l 




• " • * ^ ; j ^ : 
29>30/65*4V 
r '42^^93^96': •:•*;:;/,-,: 
;: .24i20/B2 ^r^''-> 
: ' ; c ^ i 4 4 8 - " •-•• 
:?:;:r:,447 J'-,;;.• 
_•' •• m 7 S S -• . y j l . 
.-•, - . . l ; . 
y-'-j:X^ 








Z'-U 6#. ZlreoKJum SiglBliate Hyiagaziae Goaiplexi -
2r V 
>»2H4' 





4 2 a a / 9 6 -
l3»92/32 • 







7 , Copper Cfalori^e ^rdrazJm Coartlexi. 
f o t a l 
& 




^,'' : \ 





•• JL2 •••,'' 
TJi© r e s u l t s of eiiemicM ana lys i s , concuctometrie 
and thermometrie t i t r a t i o n s give the following formulae 
fori t l ie various eomplexes s tud ied . 
m(1214)3^0^ ana:Ct|.(t2H4)2^^ of cobal t 
c t to r ide? the cobalt ion i s hexacoordinated and hot four 
coordinated beeaase'CoClg, 2NgH^ seems^ t o be noa-ionic 
as the conductance terids to become zero a t the i n f l e c t i o n 
p o i i 3 t m the curve of conductometric t i t r a t i o n , 
i n a(^edus; so lu t ion , '2r(30^)2 -behaves as i f i t 
wei^y2i rcon# li^drosulphate' ZrOSO^. B^Q^, or ZrOimQ^)^^ 
i . e . i n aqueous msdium SrO'^iohs: should be present arid 
hence according, to cohduetoaetrie and thenaoa^tr ic t i t r a -
t i o n s t l W metal: hydrazine r a t i o of I s l may be in t e rp re ted 
'as follows? \,:: 
; • Zrmq^^^ ; • • L, ;*, : ^ 2r0 HgH^ SQ^ . 
.;, , 1?h3 r e s u l t s of chemical analysis are not i n 
accordance with this'"formula although the t o t a l percentage 
does not come exac t ly t o 100. Ifowever chemical analysis 
gives the fonsula 2r S0^» MgH^ * Some hydrazine reduces 
zirconium itJ) • to zirconiuia ( I I ) and then . eoKplex formation 
occurs .•> the present"evidenee i s not su f f i e i en t to prove 
. cohclusiveiy the s t ruc tu re of zirconium isydrazine /complex. 
•j^rther. w6&;-is-'.in p rogress . - .* "•;-"; ' - . •' • , . • ; : : 
1 3 *.> 
' f i # E B.E H € Ec^t.'-. 
i l . if, Franz^a aiid O.Von;Msty«rV CMem.ifes, p .755 (1909) ' . ' 
• (E.aaorgiCfeeai.. 6;Q,;2'^-293: ( 1 9 0 8 ^ 
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